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The purpose of this study was to empirically evaluate the effects of the Math to
Mastery intervention package in a school setting. The participants in this study were
elementary school students who were performing at least one year below grade level in
math. A between-series multiple baseline design across participants was used to evaluate
the effects of the Math to Mastery intervention.

Results revealed that the multi-

component intervention was successful in addressing the student’s academic skill deficits
on single skill intervention probes. Improvement was also observed on multiple skill
grade level, generalization probes. However, the impact was not as strong on these
probes as for single skill probes. Implications for implementation in applied settings and
future research are provided.
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CHAPTER I
LITERATURE REVIEW
Introduction
Mathematics; just the mention of the word seemingly strikes fear in students
around the world. Despite the emotions associated with the word, it is perhaps an
uncommon thought that the use of mathematics in everyday situations is an integral part
of modern society. Mathematics is the single most widely utilized academic subject in
the world (Lewis, 2000). In addition, math is used in a variety of situations ranging from
the commonplace situations such as budgeting or time management, to business decisions
and governmental decisions that affect millions. A solid foundation in the basic aspects
of mathematics is considered by most to be of paramount importance given the future
ramifications of an ever changing social and economic structure (Lucas, 2005).
Unfortunately, many students in the educational system are not obtaining
mathematics skills at the appropriate grade level, placing them at risk for negative
outcomes including failure to meet state derived benchmarks and objectives on group
administered annual evaluations, retention based on failing grades, and potential failure
to acquire a high school diploma based on dropping out of school (Rhymer, Dittmer,
Skinner, & Jackson, 2000). As such, an evaluation of empirically-based mathematics
interventions conducted with elementary age students as part of an early intervention
process is needed for students identified as being at risk by performing below grade level
1

peers (Hoda, 2006). The current study seeks to evaluate the Math to Mastery
Intervention package in improving the math fluency rates of elementary school students
ranging in age from 8 to 11 years. The students who participated in this study were
identified as performing at least one grade level below expected performance as
measured by curriculum-based measurement on single and multiple skill level math
probes. Mathematics fluency was evaluated by calculating the total digits, digits correct
per minute, and the errors per minute on multiple and single skill mathematics probes
across baseline and intervention phases.
In an effort to build a strong rationale for this study and provide the reader with an
appropriate review of the literature pertaining to mathematics standards, evaluation, and
remediation, several sections will be covered in the literature review. First, an overview
of mathematics education in the United States as compared to other nations will be
reviewed followed by a discussion of the increase in academic demands and
responsibility of schools and teachers (i.e., No Child Left Behind Act of 2002; NCLB).
Next, an overview and discussion of the traditional approach to addressing mathematics
skills deficits (i.e., standardized assessment for a learning disability using the IQAchievement Discrepancy model) will be covered. Following this discussion, a proposed
alternative approach (i.e., Response to Intervention, RtI) to and advantages and
disadvantages of the alternative approach for providing assistance to children with
academic difficulty will be discussed. Other sections of this manuscript will review
current math remediation practices and effectiveness of such practices along with current
math standards, stages of skill development, the use of curriculum-based measurement
and assessment to measure fluency, current researched and proven math intervention
2

components which address fluency, and the creation and components of Math to Mastery
which is a multi-component, packaged intervention designed to remediate student deficits
with basic mathematic skills (e.g., addition, subtraction, multiplication) and increase
student fluency on math probes.
Third International Mathematics and Science Study (TIMSS)
Concurrent with the great importance of mathematics in modern society, the
United States seems to place more emphasis on the subject than other developing nations.
When compared with achievement test scores from other industrialized nations around
the world, students in the United States typically score as well or better than their foreign
counterparts at the lower grade levels (Stigler & Hiebert, 2004). For instance, the results
of the TIMSS demonstrated that U.S. students scored second highest of the countries
surveyed in science, outperformed only by Korean students. Furthermore, U.S. students
scored above the international average in mathematics, outperformed by only seven
nations. A more in depth analysis of the TIMSS study revealed that U.S. students’
performance exceeds the international average in whole numbers; fractions; data
representation; geometry; and patterns, relations, and functions. Upon examination of the
curriculums employed by the nations, the TIMSS found that the content of the fourth
grade U.S. mathematics and science curricula is similar to the content covered by other
nations. Surprisingly, the number of topics covered is above the international average in
fourth grade mathematics (United States Department of Education, 1998).
Unfortunately, this trend is relatively short lived as U.S. achievement scores begin
to drop by the time students enter the eighth grade. Although U.S. students still scored
3

above average in science, mathematics achievement scores dropped below the average.
If an international talent search were to select the top 10% of all eighth graders, only 5
percent of U.S. eighth graders would be included in mathematics (United States
Department of Education, 1998). The achievement gap between the United States and
other industrialized nations grows exponentially larger as students enter high school.
Although there are several potential factors that may have influenced the
achievement gap (i.e., organization of classrooms, technologies used, types of problems
presented), the TIMSS found that the greatest difference between high scoring countries
and lower scoring countries was the way in which teachers and students work on
problems as the lesson unfolds (Stigler & Hiebert, 2004). These findings were the result
of video taped analysis of mathematics teaching methods in Australia, the Czech
Republic, Hong Kong, Japan, the Netherlands, and the United States. There were two
types of mathematics problems examined by the researchers. Making connections
problems are problems that focus on concepts and connections among mathematical
ideas. Using procedures problems are problems that assess a student’s basic
computational skills and procedures. In the study, each type of mathematics problem
presented was coded twice; once to characterize the type of problem and the second time
to describe how the problem was implemented in the classroom. The teacher could
implement a making connections problem as a making connections problem, or the
teacher could transform it into another type of problem-most commonly, a using
procedures problem (2004). An example of this might be seen in a teacher that might
transform a making connections problem designed to have students figure out a method
for calculating the area of various types of triangles into a using procedures problem by
4

giving students, at the outset, the formula (1/2 Base ×Height) and telling students to
simply plug in the relevant values.
In both Hong Kong and Japan, the two highest achieving countries, the majority
of making connections problems are implemented as making connections problems; a
much smaller percentage are transformed into lower-level using procedures problems.
By comparison, the U.S. teachers implemented none of the making connections problems
in the way in which they were originally intended. Instead, the U.S. teachers turned most
of the problems into procedural exercises or simply supplied students with the answers to
the problems (Stigler & Hiebert, 2004). The results of the TIMSS study may in part
explain why the United States continues to lag behind other developed nations in terms of
overall mathematics achievement.
Mathematics Education in the United States
Mathematics instruction has been evolving in United States classrooms since the
early 1900s. As the field of education in general has evolved, mathematics reform has
followed suit. However, these reforms and their educational strategies have been
ineffective in part because of the lack of inclusion of fundamental principles of learning,
such as attention, metacognition, memory, and perception (Miller & Mercer, 1997).
Indeed, America’s schools are not producing the math excellence required for global
economic leadership and homeland security in the 21st century (United States Department
of Education, 2004).
The current debates over mathematics education and reform in the United States
often pit two opposing views against each other (Loveless, 2003). One group believes
5

that U.S. classrooms do not focus enough on concepts and understanding. The other
group believes that U.S. classrooms overemphasize concepts at the expense of basic
skills, thus holding back student achievement (2003). Simply stated, one group views
mathematics education as entailing too much mathematics operational knowledge and not
enough explanation about why mathematical theorems hold true. The opposing view is
the exact opposite as their view is that too much time is spent on teaching students
mathematics theorems and proofs, and not enough time on the procedural knowledge
necessary to perform basic mathematical operations.
The most recent attempt to solve the debate was spearheaded by the National
Council of Teachers of Mathematics (NCTM, 2003). The council has placed a great
emphasis on learning through discovery. Learning through discovery primarily utilizes
hands-on activities to teach mathematics in order for children to first understand the
problem, then to focus on learning a new skill to solve the problem with a more applied
focus (2003). The traditional approach to mathematics instruction involves learning
skills via textbooks and worksheets, then taking the newly acquired skills to apply to real
world problems (2003). Unlike the previous reform efforts, the NCTM established
objective standards that included outlining measurable components of effective curricula
and empirically-based methods to teach new material (Miller & Mercer, 1997). These
NCTM standards were designed to: (a) emphasize the understanding of mathematical
language and processes, (b) place less emphasis on rote memorization, and (c) to
facilitate problem-solving skills and generalization of such skills in society. To reach
these increased expectations for students, more advanced skills are taught at earlier stages
6

of the education process (Hoda, 2006). To ensure that these advanced skills are taught,
the NCLB Act of 2002 was implemented.
No Child Left Behind
The NCLB Act (2002) was created and implemented to emphasize the need for
greater accountability in teaching practices (United States Department of Education,
2002). According to NCLB, accountability entails the responsibility of educators to
increase the academic achievement of disadvantaged students, and to achieve academic
proficiency for all students (Yell, Katsiyannis, & Shiner, 2006). Currently, NCLB
stipulates that states must staff their classrooms with teachers who are knowledgeable and
experienced in math and science. In an attempt to monitor the progress that these highly
trained teachers have made, students in grades three through eight are evaluated annually.
The results of these annual evaluations are subsequently reported to the U.S. Secretary of
Education to determine if the districts are meeting their set objectives as set forth by the
state’s educational standards. NCLB is designed to reward states for increasing
participation of students in advanced courses in math and science, and passing advanced
placement exams (United States Department of Education, 2004).
Another emphasis of NCLB is the requirement that all federal funding go only to
those mathematics education programs that are empirically supported (United States
Department of Education, 2004). Although the act has been somewhat successful in
creating empirically based reading programs, the challenge is to find a mathematical
equivalent.
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The underlying assumption behind NCLB is the belief that all children are
capable of attaining some level of academic success (Batsche et al., 2005). However, the
amount of instruction needed for a child to master a specific skill is idiosyncratic. Simply
stated, the time involved in learning a new skill is a function of the individual
characteristics (i.e. intelligence, motivation, prior exposure to the educational material)
each child presents. Some students may master a novel skill after the initial presentation
of the skill while other students may require a range of more intensive, individualized
instructional strategies and practice in order to learn the same skill.
Those students in need of more intensive teaching or remediation are often
referred for an evaluation to determine if special education services are warranted (Hoda,
2006). Those students who meet state definitions of mental retardation or a specific
learning disability are offered special education services to address the skills deficits in
identified academic areas (Reschley & Ysseldyke, 1995). Unfortunately, there are many
low-achieving children who do not qualify for special education services based on
eligibility criteria and are left at the mercy of the general education system (Hoda, 2006).
Often personnel in regular education do not possess the necessary skills to meet these
students’ needs (Lentz & Shapiro, 1985). To meet the needs of students who have “fallen
through the cracks”, school psychologists are often asked to design, train, and assist in
implementation of programs with teachers and children to remediate skill deficits
(Reschley & Ysseldyke, 1995).
For many schools, identifying students that experience skill deficits occurs
through the special education system (Orton, 2005). Unfortunately, some special
education systems focus on assessing student skill deficits with little attention paid to the
8

quality of instruction that students have received prior to placement in special education
(Reschly & Tilly, 1998; Ysseldyke & Marston, 1998). Perhaps more importantly, the
current special education system has failed to produce significant skill gains for identified
students (Kavale & Forness, 1999). This statement is exemplified by the findings of the
Pasco County School District in Florida. In terms of high stakes testing results, 68% of
the third-graders who failed the test two years in a row were diagnosed were some type of
disability after failing the test the first time, and were receiving special education services
(Catalanello, 2004). Perhaps one reason for findings such as these is the lack of services
some identified children receive. Indeed, a survey of 500 special education teachers by
the Council for Exceptional Children (2000; CEC) found that most reported devoting less
than one hour a week to one-on-one time with students. This finding is in no way
surprising given the demands placed on the average special education teacher by a large
class of special education students. Given some of these findings, it is perhaps no
surprise that interventions are required for some students.
Traditional Pathway to Intervention
In 1977, the United States Office of Education established the diagnostic criteria
for the Specific Learning Disability (SLD) as (a) failure to benefit from adequate
instruction; (b) a severe discrepancy between achievement and intellectual ability; and (c)
exclusion of sensory impairments, mental retardation, emotional disturbance, or
environmental, cultural, or economic disadvantage (Speece, Case, & Malloy, 2003). The
most frequently employed procedure for determining if a low-achieving student has a
learning disability has been for the general education teacher, or the child’s parent, to
9

refer the student for a battery of psychoeducational assessments. The battery is typically
comprised of an aptitude instrument and an achievement instrument, with the primary
emphasis on finding a significant discrepancy between the aptitude and achievement
domains as outlined by federal or state regulations (Fuchs & Fuchs, 2001). Although
many state departments of education have utilized this approach for over 30 years, there
is yet to be a single agreed upon operational definition of a severe discrepancy (Fuchs,
Mock, Morgan, & Young, 2003). This lack of a uniform definition of a significant
discrepancy has resulted in a variety of ways in which the discrepancy is computed (i.e.,
aptitude score to achievement score, achievement score to achievement score), variations
in the size of the discrepancy, and which specific aptitude and achievement tests are used.
Furthermore, the resulting inconsistency in definitions and assessment practices has led to
a great deal of variability in SLD prevalence rates (Scruggs & Mastropieri, 2002).
Several other problems in the traditional general and special education systems
were increasingly recognized by the mid to late 1990s. Prominent among these problems
were: (a) the deliberate separation of special education from general education; (b)
undocumented benefits of remedial, compensatory and special education programs for
students with high incidence of disabilities; (c) overrepresentation of some minority
students in special education programs; (d) eligibility determination procedures that had
weak relationships to instructional interventions; and (e) little emphasis on prevention
and early identification of problems (National Association of State Directors of Special
Education, 2005; NASDE). The traditional model is often based on the Aptitude by
Treatment Interaction model (ATI), which will be further discussed in the next section.
10

Aptitude by Treatment Interaction Model
Regardless of the approach used, those students identified as having a discrepancy
generally meet the diagnostic criteria for a specific learning disability and are thus
eligible for special education services (Reschly & Ysseldyke, 1995). Supporters of the
Aptitude by Treatment Interaction (ATI), model assume that either (a) an additional
evaluation of the student’s abilities will need to be conducted in order to design an
intervention to target specific skills or that (b) the results from the standardized
assessment of a student’s IQ and achievement can be used to develop an effective
intervention by considering the student’s performance on several aptitudes (e.g., verbal
and nonverbal performance). The recommendation is then made to prescribe a treatment
capitalizing on the area of higher performance on the measured aptitudes (Gresham,
2002). For example, phonics may be the pre-scribed intervention chosen for all students
identified as verbal learners with little or no attention paid to current skill set, prior
learning history, or current academic environment.
Despite the seemingly rational arguments that the ATI model presents,
prescribing treatments based on the standardized assessment of aptitudes does not
necessarily lead to the enhancement of student performance. The ineffectiveness of this
practice should not be a surprise given the lack of empirical substantiation of an aptitude
by treatment interaction (Gresham, 2002). An example of the lack of empirical support
for the ATI model might be seen in the assessment of a student with a math learning
disability. If the learning disability was diagnosed using the discrepancy between
intelligence quotient (IQ) and achievement scores, the results of the assessment will
likely provide little information regarding which math skills the student has mastered.
11

Perhaps more importantly, the results of the assessment will likely provide even less
information regarding potential intervention approaches that may be effective with the
remediation of those poor skills (Gresham, 2002).
The validity of the traditional discrepancy model approach to defining and
identifying SLD has recently been questioned based on several problems with the
conceptualization and measurement of the IQ-achievement discrepancy (Vaughn &
Fuchs, 2003). First, the “test to treat” discrepancy model approach denies services for
students currently demonstrating academic difficulty who do not yet meet the
discrepancy level criteria. Rather than taking a proactive stance by offering intervention
early on in the academic process, the traditional approach requires the student to “wait to
fail” academically in order to create an IQ-achievement discrepancy before intervention
services can be offered (Fletcher, Coulter, Reshley, & Vaughn, 2004).
Another potential problem involving the traditional model is that it makes the
following assumptions, which have not been empirically supported: (a) the severity of
learning disorders (LD) can be determined by severity of the IQ-achievement
discrepancy, (b) there is a difference in academic achievement between students with and
without a discrepancy, (c) information provided from an IQ-achievement discrepancy is
reliable, (d) identification of a discrepancy provides useful information for remediation,
and (e) LD identification requires IQ testing (Vaughn & Fuchs, 2003). As early as 1975,
opponents of ATI methodologies called for assessments based on the specific skills
deficits experienced by the student and the use of empirically valid individualized
academic and/or behavioral interventions, which can be monitored and adjusted as
12

needed (Cronbach, 1975). Responsiveness to intervention (RtI), as a concept for the
identification of LD, stems from this notion (Gresham, 2002).
Response to Intervention Model
The RtI process is a multi-tiered approach to providing services and interventions
to struggling learners at increasing levels of intensity (NASDE, 2005). The RtI approach
may be used for making decisions about general, compensatory, and special education,
creating a well-integrated and seamless system of instruction and intervention guided by
child outcome data (National Association of School Psychologists, 2006; NASP). RtI
calls for early identification of learning and behavioral needs, close collaboration among
teachers and special education personnel and parents, and a systemic commitment to
locating and employing the necessary resources to ensure that students make progress in
the general education curriculum (CEC, 2006). It is important to note that RtI is an
initiative that takes place in the general education environment seeking to provide
remediation at the student’s identified instructional level before placement in special
education is required.
As a school-wide prevention approach, RtI includes modifying instruction for
struggling students to help them improve their academic skills and behavior. To meet the
needs of all students, the educational system must use its collective resources to intervene
early and provide appropriate interventions and supports to prevent learning and
behavioral problems from becoming larger issues. To support these efforts, the
Individuals with Disabilities Education Improvement Act of 2004 (IDEA 2004) gives
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more financial flexibility to local education agencies (LEAs). Under the Early
Intervening Services (EIS) provisions in the law, to help minimize over identification and
unnecessary referrals, LEAs can use up to 15% of their federal IDEA funds to provide
academic and behavioral services to support prevention and early identification for
struggling learners (IDEA, P.L. 108-446, §613(f) (1)). LEAs also have greater flexibility
to use up to 50% of any increases that they receive in federal funding for Title I activities.
These funds may be used for professional development of non-special education staff as
well as for RtI-related activities (CEC, 2006).
Recently, there have been several initiatives focused on improving educational
practices for students. Many of these initiatives findings support the RtI model. One
such initiative was conducted by the National Institute for Child Health and Development
(NICHD) studies. One of the most significant implications from this group’s work was
the nearly irrefutable conclusion that the practice supported by IDEA of using IQ
achievement discrepancies to identify SLD delays treatments to students beyond the time
when interventions are most effective (NASDE, 2005). With regards to RtI, these
findings validate the conclusion that early intervention is indeed critical, and must be a
cornerstone for the RtI model.
Another finding that supports the use of RtI comes from the National Research
Council Panel on Minority Overrepresentation (NRCPMO). In 2002, the panel issued a
report that emphasized prevention and early identification/intervention to prevent of
mitigate the effects of risk conditions that make disability identification more likely for
poor and minority children and youth. The panel introduced a four tier system of
intervention along with endorsement of alternative approaches to disability identification
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(NASDE, 2005). The panel’s recommendation for determining SLD eligibility was: (a)
large difference(s) compared to peers in academic or behavioral performance, using
direct measures in natural settings such as classrooms; (b) low response rate to high
quality interventions implemented with good fidelity over many weeks using problem
solving methodology; (c) documented adverse impact on performance in the general
education classroom; (d) documented need for specially designed instruction delivered
through special education; and (e) absence of opportunity to learn and exclusion of other
causes, including sensory impairments and other disabilities such as mental retardation
and emotional disturbance (NRCPMO, 2002).
Support for RtI has also stemmed from existing federal law. Initially, the purpose
of P.L. 94-142 (1975) was to provide a free and appropriate public education for students
with disabilities eligible for special education according to an individualized education
program (NASDE, 2005). To ensure that a free and appropriate public education was
available for all children, a child find provision was included to find and identify all
children suspected of having a disability who should be referred for further assessment.
Indeed, the child find component of P.L. 94-142 was so successful, that by 1980 the
overall numbers of students with disabilities greatly increased (NASDE, 2005).
By the latter part of the 1980s, questions emerged about the effectiveness of
special education programs, especially for students with mild disabilities (e.g. learning
disabilities, mild mental disabilities, and behavior disorders). Thus, new research began
to emerge that challenged the relationship between traditional (i.e., categorical and
differential diagnosis) decision making for eligibility, the emphasis on labels and
categories and the rigid need for eligibility determination as a prerequisite for service and
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effective outcomes for students (NASDE, 2005). The result of this new research led to a
shift towards positive outcomes especially in the implementation of the Regular
Education Initiative (REI). REI set up specific guidelines in how special education and
regular partnerships should work. It had several major goals in its programs: (a) to merge
general and special education into one system, (b) to incorporate more students in special
education into the regular education classroom on a full-time basis, and (c) to strengthen
the achievement of students with mild disabilities as well as students who were low
achieving but did not have disabilities (Fuchs & Fuchs, 1994). Consequently, P.L. 94142 was revised by Congress and reauthorized in the Individuals with Disabilities
Education Act (IDEA) 1997 (NASDE, 2005).
IDEA 1997 drastically changed both the shape and scope of special education.
Rather than existing solely as a place, special education was now described as a set of
services. There was an explicit expectation to shift the focus from accountability based
on procedures to an accountability based on student performance and outcomes (NASDE,
2005). Indeed, the preamble clearly states that: Over 20 years of research and experience
has demonstrated that education of children with disabilities can be made more effective
by (a) having high expectations for such children and ensuring their access in the general
education curriculum to the maximum extent appropriate, (b) providing incentives for
whole school approaches and pre-referral interventions to reduce the need to label
children as disabled in order to address their learning needs, and (c) focusing resources
on teaching and learning while reducing paperwork and requirements that do not assist in
improving educational needs (20 U.S.C. 1400(c)(5)).
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Although IDEA 1997 included a number of significant changes designed to
increase the efficiency of services to students with disabilities to improve student
outcomes and to limit access to special education to those students who clearly had a
disability, few real changes occurred in practice (NASDE, 2005). However, the act was
successful in bringing about the response to intervention language that appears in IDEA
2004.
IDEA 2004 was reauthorized by Congress in November 2004. IDEA 2004
contains the provision to employ scientific, empirically based interventions as part of the
process to determine eligibility for learning disorders. Furthermore, the most recent
reauthorization of the Act includes language that provides local education agencies
(LEA’s) with the option to use the RtI approach, as opposed to the traditional discrepancy
approach, when determining the educational needs of a student. More specifically, the
Act states:
Notwithstanding section 607(b), when determining whether a child has a specific
learning disability as defined in section 602, a local education agency shall not be
required to take into consideration whether a child has a severe discrepancy
between achievement and intellectual ability in oral expression, listening
comprehension, written expression, basic reading skill, reading comprehension,
mathematical calculation, or mathematical reasoning (20 U.S.C. 1414(b)(6)(A)).
Furthermore, the law states:
In determining whether a child has a specific learning disability, a local education
agency may use a process that determines if the child responds to a scientific
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research-based intervention as part of the evaluation procedures described in
paragraphs (2) and (3) (20 U.S.C. 1414(b)(6)(B)).
The language in IDEA 2004 is permissive in nature in that it does not explicitly
state that the RtI approach must be used. Instead, the language is designed to prevent a
state from precluding the RtI approval if an LEA or regional unit chooses to adopt this
methodology (NASDE, 2005).
General Approach of Response to Intervention
The RtI approach is perhaps the leading alternative to the IQ-Achievement
discrepancy model for the identification of students with learning disabilities (Gresham,
2002). The general RtI approach is based on Bergan’ s (1977) and Bergan and
Kratochwill’s (1990) four stage problem-solving model of behavioral consultation
consisting of (a) problem identification, (b) problem analysis, (c) plan implementation,
and (d) problem evaluation (Fuchs et al., 2003). Problem identification involves the
creation of an operational definition of the target behavior so that the problem behavior is
identified in observable, measurable units and is useful in obtaining a reliable estimate of
a student’s current level of performance. The problem analysis stage consists of ensuring
that the problem behavior truly exists, identifying potential student and environmental
variables that may be beneficial in addressing the problem, and developing an appropriate
plan. During the plan implementation stage, the major focus involves the assessment of
treatment integrity and dispersal of appropriate feedback as needed. Problem evaluation
is the final step in which the efficacy is evaluated and the plan is modified if it is deemed
ineffective.
18

The RtI approach is also partly derived from Deno’s data-based program
modification model (Deno, 1985; Deno & Mirkin, 1977). The data based program model
was primarily used with academic skills problems. To assess academic skills Deno and
his colleagues needed to develop precise, direct measures of academic skills that were
sensitive to growth. Termed curriculum based measurements (CBMs), these new
measures of academic skill were brief samples of academic performances that could be
administered frequently. The underlying rationale behind CBMs was that behavior
(academic skills) assessed frequently using measures sensitive to growth could be used to
change instruction or raise goals, depending on results.
Core Principles of Response to Intervention
All RtI practices are founded on the assumption and belief that all children can
learn (NASDE, 2005). Thus, it is the responsibility of all educators to identify the
curricular, instructional, and environmental conditions that enable learning. The second
principle of RtI is the belief that it is in the best interest of all to intervene early, when
academic and/or behavioral problems are relatively small. In terms of efficiency, solving
smaller problems is generally a more beneficial strategy than working with more intense
and severe problems. Highly effective universal interventions in kindergarten through
third grade, informed by sensitive continuous progress monitoring, enjoy strong empirical
support for their effectiveness with at risk students (NASDE, 2005).
The third principle component of RtI is the use of a multi tier model of service
delivery. This entails using efficient, needs driven, resource deployment systems to
match instructional resources with student need. To achieve high rates of success for all
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students, instruction in schools should be differentiated in both nature and intensity. To
efficiently differentiate instruction for all students, tiered models of service delivery are
used in RtI systems (NASDE, 2005).
The fourth component is the use of a problem solving method to make decisions
within a multi tier model. Indeed, research has supported the efficacy of using a clearly
defined method to determine student need and to develop and evaluate interventions. At
its core, the problem solving method requires answering four questions: (a) Is there a
problem and what is it? (b) Why is the problem occurring? (c) What is going to be done
about the problem? (d) Did the intervention work? This thinking process may be applied
to all students in a system, to small groups of students, and to individual students
(NASDE, 2005).
The fifth principle component of RtI is the use of research based, scientifically
validated interventions to the extent possible. Both IDEA and NCLB require the use of
empirically based curricula and interventions. The underlying rationale behind this
requirement is to ensure that students are exposed to curriculum and teaching that has
demonstrated success for the type of student and the setting.
The sixth principle component of RtI is the use of progress monitoring to inform
instruction. Simply stated, the most valid way to determine student outcome is to
monitor student progress over time using valid measures. The use of assessments that
can be collected frequently and that are sensitive to small changes in student behavior is
recommended (Deno & Mirkin, 1977). Determining the efficacy of an intervention early
is important to maximize the probability of success for students.
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The seventh principle component of RtI is the use of data based decisions about
student response to intervention. Decisions in RtI practice are based on professional
judgment informed directly by student performance data (NASDE, 2005). Thus, this
principle requires two components: on going data collection methodologies are already in
place; and that the resulting data will be utilized in the decision making process.
The final principle component of the RtI approach is that assessment should be
used for three purposes. In RtI, three types of assessments are used: (1) universal
screening applied to all children to identify those who are not making academic or
behavioral progress at expected rates as compared to a normative sample or their peers
within the same academic environment; (2) diagnostics to determine what children can
and cannot do in important academic and behavioral domains; and (3) progress
monitoring to determine if academic or behavioral interventions are producing desired
effects (NASDE, 2005).
Models of Response to Intervention
The following three types of models utilizing an RtI approach are presented in the
literature: (a) predictor-criterion models, (b) functional assessment models, and (c) the
Dual-Discrepancy model (Gresham, 2002). The predictor-criterion models emphasize
instruction on the core academic skills that are the best predictors of success within a
given area. For example, reading fluency and comprehension are generally used to
measure reading ability. Direct instruction models of reading intervention emphasize
instruction in phonemic awareness, word recognition, and other strong predictors of
reading ability. Essentially, the predictor-criterion model assumes that the identified
21

predictors of one generation of students will serve the same function for another
generation of students. It is important to note that this model does not seek to determine
or understand the potential variables that may be affecting academic performance. The
primary goal of predictor-criterion models is simply to alleviate poor academic
performance using prescribed interventions that may or may not be related to current
reason for the deficit (i.e., skill or performance deficit). Another key unresolved question
concerns how the predictor criterion model might be adopted within the LD eligibility
process. The purpose of LD identification is to identify students who are inadequately
responding to a validated intervention after a reasonable period, not to remediate or
normalize academic skills (Gresham, 2002).
Functional assessment models are based behavioral theory, thus they are design to
seek potential causes for poor academic performance. These models attempt to identify
environmental events and variables that may be influencing student performance. The
identified factors causing poor performance are then manipulated in the design of
interventions to improve the performance. Thus, this approach attempts to offer a
functional rather than a structural explanation for children’s academic difficulties
(Gresham, 2002). Indeed, structural explanations are not particularly useful from an
intervention perspective because student traits (inferred from performances) cannot be
directly manipulated and because the explanations do not identify environmental factors
that might be contributing to academic failure (Daly, Witt, Martens, & Dool, 1997).
Alternatively, a functional approach to understanding academic failure attempts to relate
academic performance to environmental events that precede and follow student
performance (e.g., opportunities to respond, reinforcement for accurate responding, time
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allocated for instruction, modeling and feedback of academic behaviors) (Gresham,
2002).
The model that has received the most attention in the current literature is the
Dual-Discrepancy model (Gresham, 2002). The Dual-Discrepancy model compares a
student’s level of academic performance to same grade peers using national or local
norming procedures (i.e., curriculum-based measurement) and evaluates their rate of
growth before, during, and after the receipt of an empirically-based academic or
behavioral interventions over the course of the school year using curriculum-based
assessment and single subject design procedures (Hoda, 2006).
According to Gresham (2002), the Dual-Discrepancy model makes several
assumptions: (a) The intervention intensity (and cost) corresponds to the level of
unresponsiveness to treatment, (b) unresponsiveness to a level of intervention
implemented with integrity is the criteria for moving to a more intensive intervention, (c)
data are collected to guide movement along the pathway, (d) the amount of data and
information about student responsiveness and unresponsiveness will continue to be
collected while moving along the pathway and all information will be utilized to inform
decision-making, and (e) consideration for special education is a result of
unresponsiveness at all previous levels of intervention.
Tiers of Response to Intervention
The Dual-Discrepancy RtI model was designed to be implemented through three
tiers of prevention and specified intervention (Fuchs & Fuchs, 1997). The three tier
system incorporates increasing intensities of instruction that are provided to students in
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direct proportion to their individual needs. Embedded in each tier is a set of unique
support structures or activities that help teachers implement research based curriculum
and instructional practices at levels of fidelity that are designed to improve student
achievement (NASDE, 2005)
The purpose of the first tier is to provide primary prevention for all students. Tier
1 focuses on the provision of quality instruction for all students. School districts should
provide a foundation of curriculum, instruction, and school organization that has a high
probability of bringing the preponderance of students to acceptable levels of proficiency
(NASDE, 2005). Effective teachers will then match students’ prerequisite skills with
course content to create an appropriate instructional match. Due to the assumed presence
of quality instruction, it may also be assumed that all students should possess the capacity
to learn. Indeed, it is suggested that the majority of students (75-80%) should be
successful with quality instruction provided to all students (Walker & Shinn, 2002).
During the course of instruction, school districts should use universal screenings
in essential academic areas (i.e., mathematics, reading) to identify each student’s level of
proficiency. The data derived from the screening instruments is then organized into
formats that allow for the inspection of both group and individual performance on
specific skills. The analysis of this system wide data serves two important functions.
First, it provides evidence of the functionality of the foundational curriculum and
instructional process (NASDE, 2005). Second, those students whose level of
performance and rate of improvement are below their peers can be identified early on due
to their unresponsiveness to the general education curriculum. Those students who
continue to lag behind their peers are identified for additional support at Tier 2.
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The next level of support is secondary intervention, which is more intensive than
what is provided in tier 1. This type of instruction is often a fixed period of intensive,
small group instruction (Vaughn & Fuchs, 2003). Approximately 15% of the population
will benefit from this level of support (Walker & Shinn, 2002). These instructional
services are provided in addition to the core curriculum instruction, and can be developed
through a problem solving approach or through a standard treatment protocol (NASDE,
2005).
The problem solving approach is the traditionally implemented with school based
problem solving teams. These approaches have resulted in improved outcomes for
students (Kovaleski, Gickling, Morrow, & Swank, 1999), decreased referrals and
placements in special education (Hartman & Frye, 1996), and decreased
overrepresentation of minorities in special education (Gravois & Rosenfield, 2006). The
underlying communality that problem solving teams share is a problem solving approach
that allows them to use functional academic and behavioral assessments to identify why
students are not mastering the required academic skills at the same pace as their peers.
This approach also allows the teams to implement individualized interventions to address
specific needs.
The standard treatment protocol approach interventions are designed to be used in
a systematic manner with all participating students. Standard treatment protocol
interventions are usually delivered in small groups and have a high probability of
producing change for large numbers of students (NASDE, 2005). When using this
approach, the problem solving team is also an integral part of the process. The team’s
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duties include: planning the interventions; supporting the implementation of strategies,
monitoring student progress; and evaluating the outcome of the interventions.
Regardless of the approach used, students that improve their academic skills as a
result of Tier 2 interventions are generally reintegrated into the traditional instructional
curriculum at Tier 1. Students that display some progress but still need additional
supports, as well as students who fail to display a marked improvement despite the
presence of intensive supports are then referred for even more intensive interventions and
possible determination of eligibility for special education. The final tier consists of the
most intensive level of instructional support, and is individualized for each student
(Vaughn & Fuchs, 2002). Termed tertiary prevention, tier 3 provides students identified
as unresponsive in tier 2 with a fixed duration trial of intensive services in individual or
small group tutoring in which a standard, validated intervention is implemented.
Approximately 1-5% of the population will need this high intensive, individualized
instruction to be successful (Walker & Shinn, 2002).
In some states, Tier 3 of the RtI process refers to an extensive empirically based
intervention that must be implemented multiple times per week across a period of
generally 6-8 weeks. For example, the Mississippi State Department of Education
mandates Tier 3 interventions must be implemented five days per week for 30 – 60
minutes across each eight week evaluation period (Bounds, 2006). In other states, Tier 3
refers to a stage in the RtI process in which a comprehensive evaluation is conducted by a
multidisciplinary team to determine eligibility for special education and related services.
Before any evaluation takes place, parents are informed of their due process rights, and
consent is obtained for the evaluation. The comprehensive evaluation uses multiple
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sources of assessment data, which may include data from standardized and normreferenced measures; observations made by parents, students, and teachers; and data
collected in Tiers 1 and 2. Intensive, systematic, specialized instruction is then provided
and additional RtI data are collected, as needed, in accordance with special education
timelines and other mandates.
At the conclusion of the remediation process, students that have responded to an
intervention are returned to the general education classroom or continue to receive
interventions and supports as needed. Students who have responded to an intervention
are considered to be non-disabled. If a student does not improve in (a) level or the (b)
rate of progress in such a manner that the student will not achieve grade level
performance within expected time constraints, special education under the diagnosis of
LD may be considered, which is often considered a fourth tier of intervention (i.e.,
special education and IEP determination; Fuchs et al., 2003, Vaughn & Fuchs, 2003).
In addition to the eligibility criteria listed above, NASDE (2005) specified four
criteria for determining special education eligibility: level difference, rate of learning
difference, documented adverse impact, and exclusion factors. Each of the four
eligibility criteria will be discussed in greater detail below.
Level difference
For the criterion of level difference, the assessment team must find that the
student’s current level of performance is significantly divergent from performance
expectations based on the comparative performance of similarly aged peers or other
relevant standards. Typical standards of comparison may include: national, regional,
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statewide, or area wide normative data, grade level benchmarks, and developmental
norms. Multiple and convergent sources of data must be collected to document this
significant discrepancy from the expected standards of performance (NASDE, 2005).
One such assessment method that has proven useful in identifying significant
discrepancies is CBM. For example, Shinn (2002) described how CBM data can be used
to determine the degree of discrepancy when using local norms. Further, Kaminski and
Good (1996) have established a set of national benchmarks in their CBM based
assessment system the Dynamic Indicators of Basic Early Literacy Skills (DIBELS).
Rate of learning difference
For the rate of learning difference criterion, students must exhibit significant
discrepancies in their rate of learning based on data collected via ongoing progress
monitoring. The data collected is generally in the form of a graphical display of a
student’s slope of improvement. Decisions are based on a graph displaying time on the
horizontal axis and performance (number of digits correctly produced in 1 min) on the
vertical axis. Support for determining student progress through behavioral assessment
methodologies has been delineated over three decades (Deno & Mirkin, 1977; Fuchs,
1989; Shinn, 1989), and are well known to versed practitioners. To determine rate of
learning difference, a student’s progress is compared to his or her performance during
baseline data collection, to the normative rate of progress displayed by peers, and to the
rate of learning required for the student to close his or her performance gap with typically
performing peers (NASDE, 2005).
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Documented adverse impact
To satisfy the documented adverse impact criterion for special education
eligibility, a student’s academic performance deficit must have a demonstrable adverse
impact on his or her education. The student must also demonstrate the need for intensive,
specialized instruction to make or maintain meaningful progress. To determine adverse
impact, a multidisciplinary team must examine and document the impact the student’s
academic performance deficit has in the school curriculum. To determine the need for
specialized instruction, the multidisciplinary team must examine the history of the
student’s response to previous instructional strategies employed. More specifically, the
team should take note of previous accommodations and modifications made to the
student’s curriculum. Furthermore, an analysis of the specific skills that the student
possesses or does not possess is implemented, and the student’s individualized
instructional needs are operationally defined. If the student satisfactorily progresses
towards obtaining benchmark level performance with accommodations and modifications
that may be managed in general education, the student may not qualify for special
education services. However, if the student fails to make meaningful progress in general
education, or if it has been demonstrated that he or she progresses only when specially
designed and highly intensive levels of intervention are used, then the students’ may meet
the “need” component of special education criteria (NASDE, 2005).
Exclusion factors
For the final criterion of exclusion factors, multidisciplinary teams should take
note of the exclusionary components listed in IDEA. One of these components is
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identifying that the learning problem is not the result of other disabilities such as: visual,
hearing, or motor disabilities, mental retardation, emotional disturbance, or environment,
cultural, or economic disadvantage (20 U.S.C. 1401 (29)(c)). The other exclusionary
component in IDEA is that the disability is not the result of a lack of appropriate
instruction in reading, including the essential components of reading instruction, lack of
instruction in mathematics, or limited English proficiency (20 U.S.C. 1414(b)(5)(A-C)).
Benefits of Response to Intervention
Speece et al. (2003) noted that, prior to this reconceptualization of LD, academic
difficulties were viewed as a “within-child deficit” with no consideration given to the role
of effective instruction delivery as outlined by the curriculum. Indeed, it is possible that
some of the students being identified could be considered “instructionally disabled”
because they have not benefited from quality instruction (Orton, 2005). In contrast to the
traditional discrepancy model, the RtI approaches recognize the within-child and
environmental influences on learning and make no assumptions about the initial cause of
failure to master academic skills.
Supporters of the RtI approach note that the model accomplishes several goals of
which the traditional discrepancy model falls short (Fuchs et al., 2003). First, through the
“treat to test” model additional assistance is provided sooner to students. Discrepancybased methods of identification have been singled out as potential obstacles to the early,
valid, and reliable classification of students, including students with SLD in mathematics
(Fletcher et al., 2002). Rather than waiting on students to experience academic failure,
the RtI approach takes a proactive stance by attempting to prevent academic problems
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before they occur. Second, RtI approaches differentiate students with a disability from
those with academic difficulty due to a lack of adequate instruction by ensuring that
individualized and intensive empirically-based interventions are provided with adequate
levels of treatment integrity. The traditional discrepancy model has failed to accomplish
this goal based on previous research. Third, RtI approaches provide a cost-efficient
method of remediating problems and reducing inappropriate referrals to special
education. Fourth, RtI models may reduce teacher bias in the referral process by
screening all children and identifying those students with the greatest academic needs
(Vaughn & Fuchs, 2003). Fifth, by providing non-categorical interventions, RtI
approaches avoid potentially stigmatizing, and possibly misdiagnosed labels, such as
learning disabled.
Limitations of Response to Intervention
Despite the gathering popularity that the RtI approaches have received, Gresham
(2002) noted three areas of concern about the RtI approach that are frequently cited in the
literature which include: (a) lack of guidance for choosing the “best” intervention, (b)
contradictions regarding the optimal levels of intervention length and intensity, and (c)
lack of presence of treatment integrity measurements. Given the available interventions
for any specific academic referral, it continues to be difficult to determine which
intervention is most appropriate to implement. Frequently direct comparisons between
empirical studies of interventions are limited due to the variations in intensity, length of
study, outcome measures, and populations investigated. Another factor in selecting the
best intervention is to take into account the idiosyncrasies that each child presents in a
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given situation. The second concern involves determining the appropriate length and
intensity of an intervention. In general, this principle is guided by the individual
student’s response to each level of intervention. Fuchs and Fuchs (1997, 1998) proposed
more specific guidelines, which begin with general educators providing two empirically
based interventions for a maximum of 6 weeks (i.e., Phases II and III). Non-responders
are then referred to a fourth tier involving a maximum of 8 weeks of intense intervention
(i.e., special education trial period). At the conclusion of the eight week trial period, the
assessment team is required to make a data-based decision of whether to continue,
modify, or discontinue the intervention. Several researchers (Swanson & Hoskun, 1999;
Torgesen, et al., 2001; Vellutino, et al., 1996) have studied intervention lengths reported
in the literature. Despite the repeated investigations, there remains no universally
suggested method for predicting the effect of altering the number of minutes in daily
instruction, number of times of intervention per week, or number of sessions.
The final concern noted by Gresham (2002) involved integrity with which an
intervention was implemented. A prerequisite for determining unresponsiveness to an
intervention is ensuring that an intervention is implemented as intended, which is
frequently referred to as treatment integrity (Gresham, 2002). In several reviews of the
relevant LD literature, researchers (Gresham, MacMillan, Beebe-Frankenberger, &
Bocian, 2000; Swanson, Carson, & Saches-Lee, 1996) alarmingly found a lack of
reported measures of treatment integrity. In an attempt to fill the void, Gresham
proposed a set of four recommendations for conducting treatment integrity evaluations.
First, intervention steps should be operationally defined in a manner consistent with the
identification of dependent variables. Intervention steps should then be observed and
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evaluated in vivo or via post hoc methods such as observing a videotape of the
intervention session. During the observation of the intervention session, the treatment
integrity rater should then measure the occurrence or non-occurrence of each step of the
intervention process. A rating of component integrity (i.e., the correct implementation
each specific step across sessions) and session integrity (i.e., the correct implementation
of all steps for a given session) may be used to ensure unresponsiveness is not due to the
fidelity of the treatment implementation (Hoda, 2006). Finally, instructional manuals,
permanent products, behavior rating scales and other indirect methods of measuring
treatment integrity should be used to supplement the information gleaned from the direct
observations. However, given the frequent lack of agreement between direct and indirect
methods, caution should be used with the interpretation of indirect measurements
(Gresham, 2002). Despite these limitations, the RtI process seems to be an effective
approach to providing services and interventions to struggling learners at increasing
levels of intensity (NASDE, 2005).
Current Mathematics Remediation
Despite the increasing efforts to reform mathematics education in the United
States, many students have difficulty mastering mathematic skills (Phillips, 1990). Data
from the National Assessment of Educational Progress (NAEP) indicates that less than
half of all students’ math skills are at the proficient level (NAEP, 2002). The NAEP also
found that the average math scores of fourth graders, eighth graders, and twelfth-graders
have improved only slightly in the span of ten years (1990-2000). A more in depth
analysis of the first and most recent reports shows that lower-achieving students lag
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behind their higher achieving peers in terms of both quality and quantity. Basically, the
lower achieving students are not learning as fast as, or as much as, higher-achieving
students (NAEP, 2002). Without providing more effective mathematics instruction, this
difference in skill acquisition rates is creating an even larger gap between advantaged and
disadvantaged students (Hoda, 2006).
As the gap between advantaged and disadvantaged students increases, there is an
increased likelihood that the disadvantaged students will find themselves in special
education settings. In fact, nearly one-third of all instructional time spent in special
education classrooms is used to remediate deficiencies in mathematics (Carpenter, 1985).
Despite such a large proportion of time allotted for mathematics remediation, Fuchs and
Fuchs (2001) have contended that students in both general education and special
education are being subjected to ineffective teaching techniques.
In an attempt to remedy the ineffective instructional practices being used,
Jitendra, Salmento, and Haydt (1999) reported that the following components comprise
effective mathematics instruction: (a) clarity of the stated objective, (b) additional
concepts and skills taught, (c) prerequisite skills taught, (d) explicit teaching
explanations, (e) efficient use of instructional time, (f) sufficient and appropriate teaching
examples, (g) adequate practice, (h) appropriate review, and (i) effective feedback.
The above components were discovered through the systematic evaluation of
seven mathematics programs. The researchers evaluated a lesson from each of the seven
programs using a 3-point Likert-style scale with response values ranging from 0 to 2.
Zero represented lack of the effective instruction component and 2 represented
satisfactorily demonstrated the effective instruction component. Amazingly, only two of
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the nine components, clarity of objective and additional concepts and skills taught, were
included in all of the math programs. Overall, the extent with which effective instruction
components were included in each program ranged from a low of 33.3% to a high of
88.9%, with a mean rating of 63.5%.
These ineffective instructional practices often lead to a lack of learning necessary
skills. In 2001, Fuchs and Fuchs examined the mathematical skills of average achieving
14-year-old students and found that only 85% had mastered computational addition, 81%
had mastered subtraction, 54% had mastered multiplication, and 54% had mastered
division. This apparent lack of basic computational skill mastery is highly disturbing
given that the development of basic skills often serves as a prerequisite for learning more
advanced mathematics skills (NCTM, 2003). As such, there is a need for a more
effective procedure to increase proficiency with mathematics.
Skill Development
The natural progression of learning new academic skills moves through a
sequence of four steps: (a) acquisition, (b) fluency, (c) generalization, and (d) adaptation
(Haring & Eaton, 1978; Smith, 1989). In the acquisition stage, a student is introduced to
a novel problem stimulus and evaluated on the ability to provide an accurate response.
Once an accurate response can consistently be provided, the focus shifts to increasing the
rate of responding or fluency (i.e., speed and accuracy). After fluency has been
accomplished, generalization to novel problems with similar stimulus patterns as
previously mastered skills takes place. Simply stated, a student should be able to apply
previously acquired skills to similar problems or to the same problem in different
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contexts (i.e., settings, testing conditions). Finally, adaptation has been achieved when
previously mastered skills are used in new ways or with new problems. Following
accomplishment of this learning sequence, frequent practice with material covering
newly acquired skills is used to promote maintenance.
Fluency as a Measure of Skill Development
Because fluency is a measure of both speed and accuracy, it is an appropriate
measure of mathematics skill development (Shapiro & Elliot, 1991). Expressed as a rate,
fluency can be used to measure mathematics performance by calculating the number of
correct or incorrect digits written per unit of time. Miller and Heward (1992) identified
three empirically-based reasons to use fluency as a measure of student learning. The first
rationale is that fluency rates provide a more accurate measurement of student
performance than traditional measures of accuracy alone. As a measure of student
performance, accuracy alone is unable to measure improvement when a student responds
accurately on all items. Known as a ceiling effect, there appears to be no difference
between the performances of a student who completes the assignment in 1 minute with
100% accuracy versus the student who spends 5 minutes to complete the same
assignment with 100% accuracy.
Second, fluency rates are more sensitive to change than accuracy measurements
alone because they incorporate the student’s rate of response. Fluency rates are able to
indicate a change in a students’ performance of a specific academic skill in a given
amount of time, whereas accuracy alone is generally measured only as the number of
correct responses.
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Finally, several research findings have indicated that fluency is positively related
to the maintenance and generalization of skills (Haughton, 1972; Ivarie, 1986;Van
Houten, 1980). The higher a student’s rate of mathematical fluency, the higher the
likelihood that the student will maintain the newly learned skills and apply them to novel
situations (Hoda, 2006). Indeed, students who are fluent with academic skills have been
found to reach higher levels of academic and social success than those students who are
less fluent with skills (Lloyd, 1978; Marston & Magnusson, 1985).
As accuracy and fluency with basic skills are prerequisites for learning and
mastering new academic skills (DuVall, McLaughlin, & Sederstrom, 2003), the NCTM
standards specifically included fluency goals for all students (NCTM, 2003). Thus,
several empirically-validated teaching techniques have been cited in the literature. These
techniques include: (a) implementing demonstration, modeling, and feedback procedures,
(b) providing reinforcement for fluency building, (c) setting goals, (d) combining
demonstration with permanent models, (e) using verbalization while solving problems, (f)
monitoring progress, (g) teaching math skills to mastery, and (h) teaching generalization
in an ongoing fashion (Dixon, 1994;Matropieri, Scruggs, & Shiah, 1991; Mercer &
Miller, 1992;).
Assessment of Fluency
An effective methodology to assess academic skills should include several key
components (Shapiro & Elliott, 1999). The first component of an effective assessment
methodology is that the method of assessment should be representative of the method in
which the skill is used in the classroom. In order to draw valid conclusions about a
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student’s performance, the manner in which the student is required to perform should be
as naturalistic as possible (Hoda, 2006). The validity of the outcome measure of an
assessment increases as the assessment task more closely approximates the method by
which the skill was taught and practiced (Shapiro & Elliot, 1999).
A second component found in effective assessment methodologies is the use of a
valid assessment tool derived from the instructional curriculum being taught. By using
procedures taken from the curriculum, there is an increased probability that the results
will lead to externally valid conclusions about which specific skills have been mastered
and which skills need to be further practiced (Shapiro & Elliot, 1999). Simply stated,
students should be assessed on the skills they have been instructed on.
Third, the goal of all assessments is to provide information that can be used to
construct effective interventions (Shapiro & Elliot, 1999). Thus, assessments should
always be used as part of a problem solving process to make educational decisions.
However, it should be cautioned that educational decisions should not be based solely on
the results of assessment. Rather, information gleaned from the assessment process
should be incorporated into potential interventions.
Fourth, effective assessment methodologies should be sensitive enough to track
and monitor student academic progress (Shapiro & Elliot, 1999). So that instruction is
utilized effectively and the assessment results are correctly interpreted, an assessment
tool should be capable of monitoring and detecting the presence of change. This is
particularly important in situations where small incremental change is expected. Thus,
the assessment tool should be capable of detecting a significant effect size.
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As each student presents unique characteristics and individual differences, the
fifth component of an effective assessment methodology is that the outcome
measurement of assessments should be idiographic (Shapiro & Elliot, 1999). The
measurement should be individualized so that valid within-subject comparisons may be
made across time.
Finally, an assessment should seek to determine if an academic problem is the
results of a skill deficit or a performance deficit (Shapiro & Elliot, 1999). Skill deficits
are generally conceptualized as a student’s inability to acquire or maintain academic
skills. Thus, skill deficits are termed can’t do problems. In contrast, performance
deficits are typically the result of student’s lack of motivation. Unlike skill deficits,
students who have performance deficits may possess the abilities to learn and maintain
academic skills however they simply may not have the desire to do so. Therefore,
performance deficits are generally referred to won’t do problems.
Designed to measure a student’s academic skill performance, curriculum-based
assessment (CBA) is a general assessment methodology that incorporates many of the
components of effective assessment methodology (Shapiro & Elliot, 1999). Although
many versions of CBA have been developed, they can be classified into two categories:
general outcome measure model and specific sub-skill mastery model (Fuchs & Deno,
1991). The general outcome measurement model of CBA is conceptualized as a global
measurement of academic performance. As a global measure, the general outcome CBA
model utilizes the same standardized assessment tool across time to measure academic
progress within the instructional curriculum (Shapiro & Elliott, 1999). In contrast, the
specific sub-skill mastery model utilizes criterion-referenced, teacher-made, single-skill
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tools across time to measure progression through the curriculum (Shapiro & Elliott,
1999).
Curriculum Based Measurement
One of the most widely researched and frequently employed examples of a
curriculum based assessment procedure is termed Curriculum Based Measurement
(CBM). As CBA is used for intervention planning, the purpose of CBM is to assist
interventionists in making educational decisions regarding a student’s progress across a
specified period of time using standardized repeated measurement of identified skills to
evaluate changes in the student’s level of performance compared to peers and rate of
growth compared to pretreatment or baseline measures (Burns, MacQuarrie, & Campbell,
1999). As such, each student’s progress is measured in concurrence to a predetermined
goal, and decisions are made accordingly (Kaminski & Good, 1998).
Developed by Deno (1985), CBM has been utilized as an ecologically valid
assessment tool and part of instructional packages in reading, mathematics, spelling, and
written expression. As an outcome measure, CBM yields objective, reliable, and valid
measurements of performance to assess a student’s skills within the framework of the
school curriculum (Deno, 1985; Shinn, 1989).
CBM was originally classified as a general outcome measurement model type of
CBA (Shapiro & Elliot, 1999). Despite its original intent, CBM has been utilized as a
simultaneous general outcome measurement model and specific sub-skill model.
Because CBM is derived from the student’s instructional curriculum, stronger
conclusions may be drawn about the student’s academic competence.
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Implementation of CBM involves direct observation procedures to evaluate
student performance by counting the number of correct and incorrect responses provided
by the student in a fixed time period (i.e., rate; Deno, 2003). The hallmark of CBM is the
ability to assess both short and long-term progress through repeated measurements. The
use of repeated measurements allows for progress monitoring and is designed to be very
sensitive to change (Shapiro & Elliot, 1999). The instructional curriculum is used to
derive different, but equivalent, materials to which students respond. Another
understated feature of CBM procedures is that they are generally time efficient, as
performance samples typically last in duration from 1 to 3 minutes per assessment trial.
Intervention Components to Address Math Fluency
As an outcome measure, CBM is often expressed as a rate of response in order to
reflect a measure of fluency. When fluency is applied to mathematics, the rate is often
calculated as the number of correct or incorrect responses per given unit of time. Given
the advantages of CBM procedures, several of interventions have been developed to
address mathematics fluency problems. Many of these interventions contain common
components by which their success may be explained (Skinner, Turco, Beatty, &
Rasavage, 1989). These components are: (a) instructional level materials, (b)
previewing, (c) repeated practice, (d) immediate corrective feedback, (e) performance
feedback, (f) self-charting of progress, (g) mastery-based progression, (h) reinforcement
for mastery performance, and (i) limited time for instruction. Each component will be
briefly explained.
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Instructional level materials are materials which the student has acquired
knowledge of, but has yet to perform fluently. Instructional level materials are optimum
for student learning as they are not too difficult and not too simple. Mastery level
materials are materials which the student has acquired knowledge of and can perform
fluently. Frustrational level materials are materials which the student has yet to acquire
knowledge of and has yet to perform fluently.
The pre-viewing component simply involves demonstration of the correct
problem solving procedure for a student. When applied specifically to mathematics
intervention, the interventionist reads the mathematics problem aloud and then states the
steps necessary to solve the problem. Previewing has been found to be an effective
component of remedial instructional packages (Frederick, 1995; Tingstrom, Edwards, &
Olmi, 1995).
Repeated practice is a commonly used procedure to provide multiple
opportunities for students to respond (i.e., practice). Researchers have found that the
availability of trials to actively practice new skills is one of the most essential
components to learning (Anderson, 1982; Darch, Carnine, & Gersten, 1984; Greenwood,
Delquadri, & Hall, 1984; Skinner & Shapiro, 1989). Increasing the number of available
associations between antecedents and their consequences (i.e., practice opportunities) has
been shown to increase learning (Greenwood et al., 1984).
Another common component of effective interventions is immediate corrective
feedback. Through immediate correction of an error the likelihood of learning an
incorrect response to the novel stimuli is reduced (Seigler & Shrager, 1984; Pellegrino &
Goldman, 1987). Immediate corrective feedback may also involve the provision of the
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correct response for no response after a given amount of time (Hoda, 2006). For
example, if a student hesitates 3 seconds without providing a response, the interventionist
provides the correct answer. This cueing of correct responses is effective for increasing
the amount of times a student will provide correct responses rather than allowing the
student to continue to struggle to provide an answer that may or may not be correct
(Berliner, 1984). Indeed, previous research (Hoda, 2006) has shown that the immediate
corrective feedback component is in itself a moderately effective intervention as it
slightly increased many of the student’s mathematics fluency levels. Despite its
moderate success as a lone component, it was found to be more effective in increasing
mathematics fluency when incorporated into the Math to Mastery intervention package.
Performance feedback involves determining the student’s current performance
level in relation to the goal and previous performance levels. When using CBM
materials, the feedback will express the fluency performance level to the student.
Providing performance feedback has effectively increased mathematics fluency (Coding,
2003; Rhymer, Dittmer, Skinner, & Jackson, 2000).
Self charting refers to the visual evaluation of student performance (i.e., graph,
chart). Several methods of progress monitoring have been used to increase a variety of
desired behaviors (Brown, Copeland, & Hall, 1986; Jackson & Mathews, 1995; Skinner,
Cashwell, & Skinner, 2000) and decrease numerous undesired behaviors (Galvan &
Ward, 1998; Kehle, Bray, Theodore, Jenson, & Clark, 2000; Musser, Bray, Kehle, &
Jenson, 2001; Ragnarsson & Bjoergvinsson, 1991; Staub, 1990). Self charting involves
the student being responsible for visually representing his or her own performance.
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Mastery-based progression through a curriculum refers to an individualized pace
with which new skills are presented to and mastered by a student. The presentation of
new material is withheld until the student has mastered the prerequisite or laterally
presented skills
Reinforcement for mastery performance is used to reward a student for
successfully achieving a goal. The most effective system of reinforcement is generally a
two step process: (a) description of the performance contingencies for reinforcement, and
(b) delivery of the reinforcement upon successful completion of the mastery criterion.
Reinforcement of the successful completion of a task at a mastery level has increased the
frequency with which the mastery criteria are met (Ayllon & Roberts, 1974).
The final component is limited time for instruction. Thus, a limited time frame
for intervention necessitates an outcome measurement that is based on rates of student
responding. When the unlimited number of available opportunities to respond in a timed
trial is paired with a reinforcer reliant upon a rate of responding, an environment is
created that encourages fluency. Such an environment reinforces quick, correct
responses by allowing more reinforcers to be earned and avoiding correction procedures.
These methods are effective for increasing the rate of work completed (Van Houten,
Morrison, Jarvis, & McDonald, 1974). Many of the above components have and
continue to be incorporated into intervention packages designed to address fluency.
Examples of these intervention packages are presented in the following section.
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Intervention Packages to Address Fluency
Curriculum based measurement has been effectively used in interventions with
elementary students and found to increase both student achievement and motivation
(Fuchs, Fuchs, Hamlett, & Ferguson, 1992; Fuchs, Fuchs, Hamlett, & Stecker, 1991).
Examples of such intervention packages that include some or all of the aforementioned
empirically-based isolated components are delimited below.
An example of a CBM-based intervention package that addresses fluency is
Reading to Read (Edwards, Tingstrom, & Cottingham, 1993; Kastner, Tingstrom, &
Edwards, 2000; Tingstrom, Edwards, & Olmi, 1995). The intervention uses instructional
level materials with previewing, repeated practice, immediate corrective feedback,
performance feedback, self charting of progress, mastery-based progression,
reinforcement, and limited time instruction to increase the rate of correctly read words
per minute. The student attempts an instructional level reading passage for one minute
receiving no immediate feedback from the interventionist. The student and
interventionist then calculate the words read correctly per minute (WCPM) and plot the
performance on a graph. The interventionist then previews the instructional words the
student read incorrectly. The student is then instructed to work for 1 minute and the
interventionist records and corrects any mistakes. The student repeats the corrected
mistakes and continues reading until the minute has elapsed. The student and
interventionist then calculate the WCPM and plot the performance on a graph. The
process is repeated, except for the previewing, and the performance is graphed until the
student has met the mastery criteria, has attempted the passage 10 times, or 30 minutes
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has elapsed. A new instructional level probe is used only after the current passage has
been mastered according to the Fuchs and Deno norms (1982).
Previous researchers have suggested that the Reading to Read intervention
package is more effective in increasing oral-reading fluency and comprehension than the
traditional repeated readings interventions (Boyer, 1993; Tingstrom et al., 1995).
Additionally, the Reading to Read intervention package has shown efficacy in increasing
oral reading fluency across multiple populations including those identified with a specific
reading disorder (Boyer, 1993), students receiving special-education services (Bolton,
1992), and students demonstrating attentional concerns (Frederick, 1995). Additional
research studies have demonstrated that Reading to Read is effective in increasing oral
reading fluency and the generalization of reading skills to novel passages (Boyer, 1993).
In addition to being implemented by highly trained graduate students, Reading to Read
has been implemented by peer tutors (Robichaux, 1993) and teacher assistants (Bailey,
1999).
More recently, aggregated data compiled from grade-level pretest and posttest
assessments of oral reading fluency with at-risk students participating in daily
intervention sessions using Reading to Read across 15 school districts in a southeastern
state (N=1500) revealed improvement ranges of 20%-67% and 32%-42% for general and
special education participants in grades 1-8, respectively. Similarly, in terms of
performance outcomes in the area of reading comprehension skills, outcome data
revealed a range from 33%-80% and 41%-70% improvements on grade level assessments
for general and special education participants, respectively (Johnson-Gros, Doggett,
Kazmerski, Schuck, and Henington, 2008).
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Creation of Math to Mastery
Given the paucity of effective math interventions, Math to Mastery was adapted
from Reading to Read. Similar to Reading to Read, the Math to Mastery intervention
package involves the use of instructional level materials with previewing, repeated
practice, immediate corrective feedback, performance feedback, self charting of progress,
mastery-based progression, reinforcement, and limited time instruction to increase the
rate of correctly produced digits per minute. Initially, the student attempts an
instructional level math probe for one minute receiving no immediate feedback from the
interventionist. The student and interventionist then calculate the correctly produced
digits per minute (DCPM) and plot the performance on a graph. The interventionist then
previews the problems that the student responded incorrectly to. The student is then
instructed to work on more mathematics problems for 1 minute while the interventionist
records and corrects any mistakes. The student then repeats the corrected mistakes and
continues working until the entire minute has elapsed. The next step involves the student
and interventionist then calculating the (DCPM). These results are then plotted on a
graph of the student’s performance. With the exception of the problem previewing
component, the entire process is repeated, and the performance is graphed until the
student has met the mastery criteria, has attempted the probe 10 times, or 30 minutes has
elapsed. A new instructional level probe is used only after the current probe has been
mastered according to the Fuchs and Deno norms (1982).
Previous researchers (Hoda, 2006; Miller, 2007) have demonstrated that the Math
to Mastery intervention package has been shown to increase mathematical fluency in both
a summer academic clinic and a school setting over a limited time period (i.e., 4 to 6
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weeks of intervention). Despite the positive results achieved by the previous
investigations, there were several limitations that inhibit the generalizability of their
findings.
The Math to Mastery intervention package was initially evaluated in a controlled,
summer academic clinic setting (Hoda, 2006). The summer academic clinic was held for
four weeks during the month of July, and was designed to approximate a school
environment on a small scale with a schedule of classes the children rotated between for
instruction. The clinic students were grouped into small classes of six to eight students
each, and every class received instruction in all three areas each day. Each academic area
(i.e., reading, writing, mathematics) was taught for 40 minutes, during which varied
amounts of time were spent in instruction, modeling, practice, and feedback. Each
academic foci was located within a central classroom; however, students were also pulled
out for individual remediation strategies in smaller rooms. The clinic was established as
a training opportunity for graduate-level school psychology students to design,
implement, and evaluate academic and behavioral interventions while serving grade
school students and families in need of assistance. The clinic staff included masters,
specialist, and doctoral-level school psychology graduate students, university-based
supervisors, a certified elementary education teacher, as well as undergraduate and high
school students that served as interventionists.
The intervention package was implemented for six students enrolled in the 2nd
through the 6th grades using a multiple baseline design across participants. In addition, a
counter-balanced design was used where the packaged intervention was evaluated in
comparison to an individual component (i.e., immediate corrective feedback). Students
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were referred by their parents to the clinic for demonstrating poor performance in math
and identified as needing mathematics intervention to address fluency or accuracy
problems in the areas of addition and subtraction. Participants identified as having an
exceptionality of Mental Retardation (MR) or Pervasive Developmental Disorder (PDD),
based on parent report at the initial intake for the clinic, were excluded from the study.
The participants for the study were selected based on below grade level performance in
math as measured by three initial curriculum-based measurement (CBM) probes.
Participants performing at least one year below grade level as measured by CBM were
included in the study. The grade in which the student was entering the upcoming school
year was considered the student’s current grade level.
The Math to Mastery intervention package was implemented to address different
mathematics benchmarks within a summer academic intervention clinic across four
weeks where students met for intervention 1-2 times per day across five days per week.
Overall, the Math to Mastery intervention resulted in a mean increase in digits correct per
minute over both baseline levels and an immediate corrective feedback condition for all
six of the participants. Additionally, two students achieved their respective mastery
criterions, while two other students increased their mathematical fluency to within one
digit correct per minute of achieving mastery. The package as a whole appeared to have
provided the necessary modeling, practice, corrective action, incentive via goal setting,
and reinforcement for achieving goals for students to improve their math fluency in terms
of digits correct per minute (Hoda, 2006).
Although impressive gains were demonstrated in mathematical fluency in the
Hoda study (2006), most of the students in the study were not exposed to benchmarks at
49

their current grade level. The students were only given the opportunity to master the
benchmarks at the curriculum level in which they were placed according to the pretreatment assessment. Time constraints did not allow participants to be exposed to
additional benchmarks progressing toward grade level expectations (Hoda, 2006).
Simply stated, a four week summer academic clinic did not provide a long enough
evaluation period to assess long term gains and maintenance of skills across various
benchmarks. Similarly, the participants in the Miller study (2007) only received
intervention for a total of six weeks. However, some guidelines suggest that the
intervention should be delivered for a longer period of time ranging from 10 to 14 weeks
(Bounds, 2006).
Another limitation noted in the Hoda study (2006) is that the grade level
worksheets employed were assumed to be of comparable difficulty within a grade and
increasingly difficult with grade increases. However, the worksheets were not been
evaluated for accuracy of these assumptions, nor were they based on state benchmarks
and/or objectives. Additionally, each worksheet presented multiple skills rather than
targeting a specific, single skill for remediation which may have shown even greater
gains in performance (Hoda, 2006).
A third limitation of the Hoda study (2006) is that because the participants in the
summer academic clinic were self referred and were not previously identified as at risk or
having academic difficulty, they may have been more intrinsically motivated to improve
their academic skills than typical students. Indeed previous researchers (Coding, 2003;
Fuchs et al., 1991) have indicated that there is a direct, positive relationship between
motivation and academic success.
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The final, yet perhaps most influential limitation of the Hoda (2006) study is that
the participant sample was selected from students attending a remedial summer clinic for
students with academic difficulties. The highly structured environment of the summer
academic clinic held by trained graduate students in school psychology provided high
internal validity in that the change in the dependent variables (i.e., digits correct per
minute; DCPM) could be attributed to the independent variables (i.e., immediate
corrective feedback, Math to Mastery). The clinic setting is structured so that behavioral
and academic expectations are clearly stated, the format of the clinic (i.e., 4 hours per day
for 4 weeks during mid-summer) is relatively brief, and the ratio of staff to participant is
relatively high (i.e., 1 to 1 in this study). While this environment is similar, it is not truly
representative of the school setting (e.g., differences in time of year, facilities, novel
environment, interventionists level of training) where effects of the intervention may
differ from these results (Hoda, 2006).
Miller (2007) extended the results obtained from Hoda (2006) by having teachers
implement the Math to Mastery intervention package within a school setting.
Participants included three elementary school students enrolled in a 1st grade general
education classroom. Students involved in the study were referred by the classroom
teacher for demonstrating poor performance in math as measured by the state curriculum
test, and were identified as needing mathematics intervention to address fluency or
accuracy problems in the areas of addition and subtraction. The Math to Mastery
intervention was conducted in a one-on-one setting in a separate classroom with only the
student and the teacher attending the sessions, with the exception of the researcher who
attended 60% of the sessions to evaluate treatment integrity. The intervention sessions
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were held for three days per week across six weeks in a rural public school in the
southeastern United States. The Math to Mastery intervention was evaluated using a
simple phase change design. Miller reported that all three students achieved mastery
level performance across the last five to six consecutive sessions of intervention and that
the teacher was able to implement the intervention with 100% integrity. Results from the
aforementioned studies suggested that Math to Mastery may be an effective intervention
within a clinic and school setting for addressing fluency and accuracy concerns with
basic math facts. Furthermore, Miller’s results indicated that the intervention can be
effectively implemented by school personnel.
Although the Miller study (2007) did address some of the concerns of the Hoda
study (2006), it to was not without limitations. As previously stated, the participants in
the study were only exposed to the Math to Mastery intervention package for a duration
of six weeks. It has been suggested that Tier III interventions must be implemented
across a longer evaluation period (Bounds, 2006).
Another limitation of the Miller study (2007) is the small and relatively
homogeneous participant sample. Besides only having 3 participants, the study also
included only African Americans, 2 of which were male with 1 female. The combination
of a small sample size and a relatively homogenous sample limits the external validity of
the study thus, limiting the generalizability of the findings to other populations.
The final limitation of the Miller study (2007) was the actual design of the study.
Because the investigation was conducted using a single subject, quasi-experimental
simple phase change design without replication, several extraneous sources of variance
may have affected the results. Furthermore, this type of design is susceptible to
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uncontrolled influences of extraneous variables, especially threats related to history,
maturation, and multiple treatment interference (Parsonson & Baer, 1978). To remedy
the threats to internal validity, a replication phase is usually employed. Indeed, timeseries methodology is built upon replication as the source of ultimate confidence in the
knowledge produced (Hayes, Barlow, & Nelson-Gray, 1999). The lack of a replication
phase in this study was a serious threat to internal validity, thus potentially limiting the
interpretation of the obtained results.
Despite the limitations of the afore mentioned studies, the Math to Mastery
intervention package appears to be effective at closing the gap between the level of
performance and rate of progress (i.e., dual discrepancy) of low achieving and typical
students. Upon evaluation of the effects on math fluency, visual analysis of the Math to
Mastery intervention package suggests that it is potentially an effective intervention for
remediation of math fluency skills to be included within the tier system of prevention and
academic remediation (Hoda, 2006; Miller, 2007). Given the common school constraints
on limited time for intervention, available resources, knowledge of and access to effective
interventions especially in math, this package provides another empirically-based
intervention that can be implemented within the educational system as a potential
intervention in the RtI model.
Statement of the Problem
The Math to Mastery intervention package was designed with the same components as
the Reading to Read intervention package and was adapted to mathematics (Doggett,
Henington, & Johnson-Gros, 2006). More specifically, Math to Mastery, which
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incorporates instructional level material, previewing, repeated practice, immediate
corrective feedback, visual progress monitoring, goal setting, and reinforcement needs to
be further empirically evaluated as a complete package. Although the Math to Mastery
intervention package has been shown to increase mathematical fluency in both school and
summer academic clinic environments, over a limited time period (i.e., 4 to 6 weeks of
intervention), the package has yet to be evaluated for an longer duration (i.e., 8 weeks)
that is typically necessary for tiered interventions at the intensive level or with a larger
sample of participants.
Purpose of the Study
Intervention packages and individual components based on CBM have been
shown to be effective for improving fluency with basic math facts in elementary school
children with math difficulties. However, the efficacy of the Math to Mastery
intervention package, which is a collection of empirically-based intervention strategies,
has not been evaluated outside of a clinical setting over an extended period of time.
The purpose of this study will be to empirically evaluate the effects of the Math to
Mastery intervention package to improve the fluency rates of identified elementary
school students who are performing at least one year below grade level as measured by
curriculum-based measurement procedures. Specifically, students were selected from a
group of students identified as performing at least one grade level below expected
performance based on the results of a local norming CBM procedure in a school district
in the southeastern United States. A combined-series multiple baseline design across
participants was used to evaluate the effects of the Math to Mastery intervention package
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on the fluency (i.e., total digits, digits correct per minute, errors per minute) with which
students complete single skill math probes. In addition, the effects of the intervention on
unpracticed grade level mixed skill probes was evaluated once per week as well to
examine additional potential changes in level and rate of growth. The following research
questions are offered:

Research Questions
Research Question 1. When implemented by an interventionist, will Math to
Mastery increase the number of digits correct per minute on single skill instructional
level probes for elementary school students experiencing the intervention in a school
setting?
Research Question 2. When implemented by an interventionist, will Math to
Mastery decrease the number of errors per minute on single skill instructional level
probes for elementary school students experiencing the intervention in a school setting?
Research Question 3. When implemented by an interventionist, will Math to
Mastery increase the number of digits correct per minute on multiple skill grade level
probes for elementary school students experiencing the intervention in a school setting?
Research Question 4. When implemented by an interventionist, will Math to
Mastery decrease the number of errors per minute on multiple skill grade level probes for
elementary school students experiencing the intervention in a school setting?
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CHAPTER II
METHODOLOGY
Participants and Setting
In this chapter, the researcher will describe the students as well as discuss the
methods that were used to collect and analyze the data to determine the efficacy of the
Math to Mastery intervention package. The researcher submitted the proposal of the
current study to the university’s Institutional Review Board (IRB) and received approval
to conduct the study. In addition, IRB approved consent (Appendix A) and assent forms
(Appendix B) and procedures were utilized with parents or guardians and the students in
the project. In order to participate in the study, the students could not have been
receiving special education services based on school district records. Furthermore,
students included in this study did not receive any other type of mathematics intervention.
The students for this study were identified based on their performance in math as
measured by three curriculum based measurement (CBM) probes previously
administered during local norming procedures. Based on district level identification
procedures, students identified were those who scored in the lowest 16th percentile in
each classroom. In addition, only students needing intervention for skill deficits in
addition or subtraction were included in this study.
The researchers in this study consisted of a primary investigator who is enrolled
in the school psychology doctoral program at Mississippi State University and one school
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psychology graduate student. The primary investigator in this study has received four
years of didactic training in academic interventions with an emphasis in curriculum based
measurement. The knowledge gained through didactic training was also applied in both
clinic and school settings. The primary investigator also has previous research
experience with the Math to Mastery intervention package in both clinic and school
settings.
To conduct research, the graduate student was trained by the primary investigator
until she demonstrated a minimum proficiency of 90% on required procedures. All
researchers were supervised by a doctorate level school psychology faculty member. All
graduate students involved in this research have received at least four years of didactic
training in academic interventions and the use of curriculum-based measurement and
assessment procedures.
Participants were 12 third grade students from a school district in the South
eastern United States. Students ranged in age from 8.4 to 9.4 years with a mean age of
8.5 years. In terms of race, there were 5 Caucasians students, 5 African American
students and 2 Hispanic students. In terms of gender, there were 6 males and 6 females
in this study. Each individual student is described in greater detail below. Please refer to
Table 2.1 for a consolidated view of the student’s demographic information.
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Table 2.1 Group Demographics
_______________________________________________________ __
Name
Age
Ethnicity Inst. Level
DCPM
EPM
_______________________________________________________ __
Trey
08
AA
10
3
1st
Tanya

08

C

1st

13

0

Ashley

09

AA

1st

17

3

Talia

08

AA

2nd

16

4

Bill

08

C

2nd

9

1

Brianne

08

H

1st

9

1

David

08

C

2nd

16

2

Lauren

08

H

1st

5

10

Brad

08

C

2nd

5

8

Sam

08

AA

1st

8

9

Jessica

08

C

1st

6

4

Don
09
AA
2nd
12
2
________________________________________________________ _
Note: C = Caucasian, AA = African American, H = Hispanic, Inst.
Level = instructional grade level, DCPM = digits correct per minute,
EPM = errors per minute.
Trey
Trey was an 8 year old African American male. He has never received special
education services and has no previous diagnoses. According to the pre-treatment
assessment using CBM, Trey was performing at the first grade level, with a median score
of 10 digits correct per minute with 3 errors.
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Tanya
Tanya was an 8 year old Caucasian female. She has never received special
education services and has no previous diagnoses. According to the pre-treatment
assessment using CBM, Tanya’s instructional level, was identified at the first grade level
with a median score of 13 digits correct per minute with 0 errors.
Ashley
Ashley was a 9 year old African American female. She has never received
special education services and has no previous diagnoses. According to the pre-treatment
assessment using CBM, Ashley was performing at the first grade level, with a median
score of 17 digits correct per minute with 3 errors.
Talia
Talia was an 8 year old African American female. She has never received special
education services and has no previous diagnoses. According to the pre-treatment
assessment using CBM, Talia was performing at the second grade level, with a median
score of 16 digits correct per minute with 4 errors.
Bill
Bill was an 8 year old Caucasian male. He has never received special education
services and has no previous diagnoses. According to the pre-treatment assessment using
CBM, Bill was performing at the second grade level, with a median score of 9 digits
correct per minute with 1 error.
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Brianne
Brianne was an 8 year old Hispanic female. She has never received special
education services and has no previous diagnoses. According to the pre-treatment
assessment using CBM, Brianne was performing at the first grade level, with a median
score of 9 digits correct per minute with 1 error.
David
David was an 8 year old Caucasian male. He has never received special
education services and has no previous diagnoses. According to the pre-treatment
assessment using CBM, David’s instructional level was identified at the second grade
level, with a median score of 16 digits correct per minute with 2 errors.
Lauren
Lauren was an 8 year old Hispanic female. She has never received special
education services and has no previous diagnoses. According to the pre-treatment
assessment using CBM, Lauren was performing at the first grade level, with a median
score of 5 digits correct per minute with 10 errors.
Brad
Brian was an eight year old Caucasian male. He has never received special
education services and has no previous diagnoses. According to the pre-treatment
assessment using CBM, Brian was performing at the second grade level, with a median
score of 5 digits correct per minute with 8 errors.
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Sam
Sam was an 8 year old African American male. He has never received special
education services and has no previous diagnoses. According to the pre-treatment
assessment using CBM, Sam was performing at the first grade level, with a median score
of 8 digits correct per minute with 9 errors.
Jessica
Jessica was an 8 year old African American female. She has never received
special education services and has no previous diagnoses. According to the pre-treatment
assessment using CBM, Jessica was performing at the first grade level, with a median
score of 6 digits correct per minute with 4 errors.
Don
Don was a 9 year old African American male. He has never received special
education services and has no previous diagnoses. According to the pre-treatment
assessment using CBM, Don’s instructional level was identified at the second grade level
with a median score 12 digits correct per minute with 2 errors. Don was later dropped
from the study due to his frequent absences from school during the time in which data
collection was ongoing.
Materials
A web-based computer program, Math Worksheet Generator, was used to
generate curriculum-based addition worksheets. The program allows the user to design
worksheets requiring the use of specific skills. State benchmarks (i.e., Louisiana
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Educational Assessment Program; LEAP) were used to determine which skills were
representative of each grade level. The program was then used to create a worksheet
specific to a particular grade level and state benchmark. The computer program
randomized: (a) the order of problems within a worksheet and (b) the order of the factors
within each problem. Each worksheet listed problems in six rows of four problems in
portrait orientation on a regular 81/2 by 11 inch sheet of white paper. Each worksheet
contained the 16 problems. The top of the sheets included a code for the grade level
difficulty; a number to identify the worksheet within the grade level; and blank lines for
name, date, and examiner. Each intervention probe consisted of a single skill worksheet
based on the LEAP benchmarks addressing addition. Baseline and grade level probes
consisted of mixed skill worksheets based on the LEAP benchmarks addressing addition
and subtraction. An example is presented in Appendix C.
Procedures
Consent, Assent, and Board Approval
Written parental consent was obtained for all of the students in the study.
Consent forms were reviewed with each student’s parents or guardians. In addition to
parental consent, approval from the superintendent and school board to engage in
intervention was obtained. Furthermore, student assent was also obtained. The primary
investigator explained the purpose of the study (i.e., “to see how good this method of
teaching math is”) and what was required of them if they decided to participate.
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Pre-treatment assessment
Prior to beginning the study, the interventionist used curriculum-based assessment
procedures to identify each student’s instructional level. Multiple skill curriculum based
assessment (CBA) probes were administered to determine the current grade level
performance of each of the students. The student attempted to complete one worksheet at
his/her current grade placement in school. For example, a third grade student attempted
to complete a third grade level CBM probe. Each student was given 60 seconds to
complete each worksheet. The score on each worksheet was determined by the number of
digits written correctly divided by the number of seconds worked and multiplied by 60.
The formula is presented below.
Number of digits correct
X 60 = DCPM
Number of seconds worked
If performance was determined to be in the instructional level range, a worksheet
at the same grade level was administered. If the student performed at the frustrational
level, a worksheet at a lower grade level was administered. These procedures were
utilized until a median instructional level performance was obtained across 3 worksheets
within the same grade level. Additionally, individual skills analyses were conducted for
each instructional level work to identify the specific LEAP benchmarks for which the
student should receive intervention.
According to Deno and Mirkin (1977), a student’s independent instructional level
was the point in the curriculum where he or she could complete math problems with 10 –
19 digits correct and 2 or fewer errors if enrolled in Grades 1 – 3. The independent
instructional level was the point in the curriculum where a student could complete math
63

problems obtaining 20 – 39 digits correct with 2 or fewer errors if enrolled in grades 4
and above. Once the instructional level was identified, the session continued until a
minimum of 3 data points at that level were obtained to establish a baseline or
pretreatment level of performance. Only those students performing at least one year
below their current grade level were included in the study.
Baseline
Each student was individually removed from his or her classroom and led to the
researcher’s testing office. The student was first required to complete a minimum of
three multiple skill grade level probes to establish a baseline level of performance at this
level and to validate that the student was performing at least one year below grade level
as suggested by the local norming procedures. Once the baseline level of performance
was established on mixed skill grade level probes, the student’s instructional level on
single skill instructional level probes was established using standardized CBA
procedures. Probes were administered until the student was able to perform at the
instructional level on three single skill probes. Thus, the minimum number of probes
completed during the baseline phase was three across both multiple skill grade level
probes and single skill instructional level probes. The following procedures were used to
determine baseline:
Step 1.

Sit beside the student and provide the worksheet.

Step 2.

“Begin working right here (point to the first problem) and work across this
row and then go to the next row. Write each answer quickly and clearly
enough so that I can read it. I will say stop after 1 minute. Ready. Begin.”
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Step 3.

Time the student for 1 minute, but do not provide assistance. “Stop” after
1 minute.

Step 4.

Analyze the worksheet to obtain the student’s DCPM and EPM.
If completed in less than 1 minute or if allowed to go longer than 1 minute
calculate the number of digits correct per minute using the following
formula:
# digits written correctly x 60.
# seconds working

Step 5.

Record the student’s performance on the baseline recording form and on
the student graph.
Math to Mastery Intervention

Given the success of the Math to Mastery intervention package in a highly
controlled setting and school-based setting, the present investigation attempted to extend
the previous findings with another population over a longer period of time. The
intervention sequence was conducted three times a week at a local school district based
on district approval. Each student received individual interventions via a pull-out
method. More specifically, each student was taken from his or her classroom for a
private intervention session conducted in a separate office. The entire intervention
sequence lasted approximately eight weeks as previous researchers have demonstrated
that appropriate growth in rate of progress and level of performance can be obtained
during similar time frames (Fuchs, 1995).
Math to Mastery Intervention Sequence
The following steps of intervention were based on the Math to Mastery
intervention manual developed by Doggett, Henington, and Johnson-Gros (2006).
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Step 1. Math probe previewing. Once the appropriate instructional passage was
identified, the interventionist (e.g., teacher assistant, graduate student, etc.) completed
each math problem on the probe while the student followed along. This was called
Passage Previewing or Modeling of correct problem completion and fluency.
Step 2. Repeated practice. The student then practiced completing each math
problem on the math probe in a series of 1-minute trials until a mastery criterion of 20
digits correct with fewer than 2 errors was obtained for students in grades 1-3. A mastery
criterion of 40 digits correct with fewer than 2 errors should be obtained for students
enrolled in grades 4 and above. Sessions should not last for more than 30 minutes and
are typically conducted from 7 to 10 trials.
2a. Error correction and immediate corrective feedback. While the student was
completing each problem, the interventionist followed along, marking digits in error and
giving immediate corrective feedback. Each digit below the line for addition problems
was evaluated.
The following example from Shapiro (1996) provides guidance in scoring.
45
x 28
360
90
1260
This problem has 10 digits correct (9 digits plus the place holder under the 0).
Suppose the problem had been completed as follows:
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45
x 28
350
80
1150

The problem is scored as having 8 digits correct (7 digits plus the place holder
under the 0) because the student multiplied incorrectly but added correctly.
2b. Summative and formative feedback. Immediately after each 1-minute math
trial, the interventionist calculated and informed the student of his or her (DCPM) for the
trial. The interventionist also offered ample social praise for effort and performance on
each trial. The DCPM were then recorded on the Math to Mastery Intervention
Documentation Form.
2c. Self-monitoring of progress. The student completed the self-monitoring chart
at the end of each 1-minute math trial to visually display his or her ongoing performance.
2d. Mastery of math probe. This process is continued until the student reached
the mastery criterion for math fluency.
2e. Replication of process. This entire process was continued for up to ten trials
each day. Thus, the student completed a fresh version of the same single skill worksheet
for up to ten trials or until he or she reached the mastery criterion.
2f. Mastery of single skill. Students were required to consecutively master three
different single skill math worksheets focusing on the same benchmark before they
progressed to the next skill.
3. Grade level probes. To determine student progress, each student completed a
mixed skill grade level probe during both the baseline and intervention phases. The
mixed skill grade level probes were administered once per week (i.e., the last session of
the week) during the intervention phase prior to receipt of the intervention.
Administering the probes before intervention sessions will allowed for some control over
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potential threats to validity such as practice effects. The use of the mixed skill probes
also assisted in evaluating level and rate of progress changes on grade level material.
Independent Variables
The components included in the Math to Mastery intervention package served as
the independent variables for this study. The Math to Mastery intervention package
included the following components: instructional level materials with previewing,
repeated practice, immediate corrective feedback, performance feedback, self charting of
progress, mastery-based progression, reinforcement, and limited time for instruction.
Dependent Variables
The dependent variables for this study were the three measures of mathematical
fluency; total digits produced per minute (TDPM), DCPM, and errors per minute (EPM)
on both single skill instructional probes and mixed skill grade level probes. TDM were
obtained by counting the students correct and incorrect digits during a one minute time
span. DCPM is the number of correctly produced digits during a one minute interval.
The following formula was used to calculate DCPM:
Number of digits correct
X
Number of seconds worked

60

=

DCPM

Each participant was instructed to complete problems on both single skill
instructional and mixed skill grade level mathematics worksheet for 1 minute across
baseline and intervention phases. TDPM, DCPM, and EPM were calculated after
completion of each trial in the baseline and intervention phases. Digits correct, but
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written backwards were not scored as errors. EPM will be calculated by subtracting the
DCPM from the TDPM.
Treatment Integrity
Gresham, Gansle, and Noelle (1993) defined treatment integrity as the degree to
which treatments are implemented as they were designed. Poor treatment integrity can
compromise the validity of the findings of an experiment. If change occurs during the
intervention that was not implemented as designed, one cannot conclude the change was
a result of the intervention. Therefore, treatment integrity was evaluated during 33% of
the sessions evenly distributed across all phases of the study based on completion of a
checklist completed during the session. An example of the treatment integrity checklist
can be seen in Appendix B. A review of all of the checklists was completed as a measure
of treatment integrity to determine the degree with which the interventions were
implemented as prescribed by the experimenter. Treatment integrity was calculated by
the number of items on the checklist completed correctly divided by the total number of
items on the checklist and multiplied by 100. Actual treatment integrity for this study
was 100%.
Interobserver Agreement
Interobserver agreement (IOA) is the percent of agreement between two raters of
the same instance. In the present study, a second observer was used to ensure treatment
integrity for a minimum of 33% of the sessions evenly distributed across all phases of the
study. IOA for the treatment integrity was calculated by dividing the agreed upon
number of steps completed for each session divided by the number of available steps to
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complete for each session and multiplying this ratio by 100. Actual IOA was 94%.
Interscorer Agreement
The primary investigator designed a list of scoring instructions for the
mathematics probes used in the investigation. The two scorers and the primary
investigator scored a sample of 15 probes independently. The rules were clarified and
revised until there was at least 90% agreement on a set of 45 sample probes. Scorers
were then cleared for scoring of the probes used in this study. The primary investigator
was routinely available to discuss their questions regarding scoring specifics.
Approximately 33% of the total probes were independently scored by the two scorers
across all phases of the study. Actual interscorer agreement was 97%.
Experimental Design
The experimental design for this study was a combined series multiple baseline
across students single subject design. Although the multiple baseline design may be
conducted across participants, behaviors, and settings, the focus of the present
investigation is the multiple baseline design across students, in which two or more
students are usually evaluated concurrently. The independent variable was first applied
to the student with the most stable baseline. After an intervention effect was
demonstrated, and the subsequent students’ baselines remained stable, the intervention
was applied to the student with the next most stable baseline, and so on (Carr, 2005).
The experimental control demonstrated by the multiple baseline design across
participants can be described using three elements of single-case design logic (Cooper,
Heron, & Heward, 1987; Johnston & Pennypacker, 1993). First, repeated measurements
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can predict a baseline’s data path into the subsequent treatment phase thus, allowing the
detection of a difference between the actual data path in treatment and the path predicted
from baseline. Second, the effects of the independent variable are verified by
demonstrating that the intervention changed one participant’s behavior without impacting
the remaining participants’ behavior during baseline. Because the verification
demonstrated by a multiple baseline design is observed across participants, only
inferential conclusions may be drawn. To remedy this, the effects of the independent
variables are replicated across different participants. When all three aspects of singlecase design logic are demonstrated, the multiple baseline design across participants
controls for at least two of the primary threats to internal validity, including (a) historical
events (e.g. a curriculum or personnel change in a classroom setting) that might
concurrently affect multiple participants and (b) participant maturation and/or exposure to
the clinical or experimental protocol and environment (Kazdin, 1982).
This design was used to control for extraneous factors that could affect student
performance. Staggering the phase changes helped control for extraneous factors by
showing little to no change for the students who have not received intervention in
comparison to the participants who have received intervention. As such, a visually
discrepant change can be observed soon after the phase change. Thus, the visually
discrepant change may be confidently attributed to the intervention.
In order to demonstrate empirical control and avoid delays to intervention,
students were paired in dyads in order to create six multiple baseline pairs for the current
project. A minimum of 3 data points was obtained during baseline for the first student in
the dyad and a minimum of 6 data points was obtained during the baseline phase for the
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second student in the dyad. A minimum of 24 data points (i.e., 3 data points per week
across 8 weeks) was gathered for each student during Math to Mastery intervention phase
of the study.
Data Analysis
DCPM and EPM on both single skill instructional level probes and multiple skill
grade level probes were visually analyzed with regard to changes in level, variability, and
trend. Level was defined as the average value of the measure. For the present study, the
identified mean of each phase was also referred to as the level of the series of data points
for that phase. Trend referred to the direction of change from the beginning of the series
of data points to the end of the series of data points. In the current study, an increasing
trend was highly desirable during intervention conditions as this indicated that the student
was improving his or her mathematical fluency. Variability was defined as the spread of
data points around the level and trend. The more variable the nature of the data set are in
a phase, the more difficult it was to identify the student’s true level of performance as
outliers skewed the calculation of measures of central tendency. A large amount of
variability in a phase usually suggests the influence of other extraneous variables (e.g.,
distractions, illness, other interventions), or lack of uniform knowledge in the area being
assessed (i.e., knows some basic math facts but not others). However, the observation of
more stable data during intervention conditions as opposed to baseline conditions has
been suggested to be an important intervention effect regardless of changes in level and
trend (Hayes et al., 1999). Progression from baseline to intervention occurred when
stability was achieved across a minimum of three sessions during the baseline phase as
evaluated by visual analysis. Changes in level, trend, and variability were also analyzed
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across phases to evaluate the effect of the intervention procedures as compared to the pretreatment of baseline phase.
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CHAPTER III
RESULTS
The purpose of this study was to empirically evaluate the effects of the Math to
Mastery intervention package to improve the fluency rates of identified elementary
school students who are performing at least one year below grade level as measured by
curriculum-based measurement procedures. Data collected on each student in this study
included digits correct per minute (DCPM) and errors per minute (EPM) in all phases.
Data were collected under the following phases: (a) a pretreatment curriculum-based
assessment (CBA), (b) a baseline phase, and an (c) intervention phase using a multiple
baseline across students design.
Due to the individual nature of each student’s response to the different phases
included within the current study, the results for each individual student across baseline
and Math to Mastery intervention conditions will be presented first. Specifically, the data
of the individual students were analyzed by visual inspection of the data for observable
changes in trend, level, and variability between baseline and treatment conditions (Hayes
et al., 1999). Additionally, individual means were calculated for each participant to
evaluate the average performance across each phase. The mean number of DCPM is
depicted in Table 3.1. Following the individual student responses on the baseline and
Math to Mastery (presented graphically in Figure 3.1 to Figure 3.6) intervention phases,
the individual student responses will also be evaluated with regard to the generalization
74

probes (presented graphically in Figure 3.7 to 3.12) that were administered at the end of
each week during the baseline and intervention phases. The results section will conclude
with a brief interpretation of the data as it relates to the four research questions this study
sought to examine.
Individual Student Responses
Trey
The data for Trey are presented graphically in Figure 3.1. Visual inspection
revealed a slight increasing trend in DCPM for the baseline phase. None of the three
baseline data points (0%) were observed to be above the mastery criterion of 20 DCPM.
Baseline errors remained relatively level, with slight variability observed. With regard to
the Math to Mastery intervention phase, an immediate increase in level, trend, and
variability was observed in DCPM. Six of the 24 data points (25%) were observed to be
at or above the mastery criterion of 20 DCPM. Errors per minute (EPM) in the Math to
Mastery intervention phase were observed to decrease in level, trend, and variability as
compared to the EPM in the baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 14.3,
range 14-15) to the mean DCPM in the Math to Mastery condition (M = 18.7, range 15.524), only the Math to Mastery condition resulted in an increase of DCPM near the
mastery criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the
baseline condition (M = 1.3, range 1-2) to the mean EPM in the Math to Mastery
condition (M = 0.04, range 0.0-0.5), only the Math to Mastery condition resulted in a
decrease of EPM. During the Math to Mastery intervention, Trey was administered an
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average of 3.1 repeated practices per session (range 1-7) before achieving mastery level.
Trey received the Math to Mastery intervention 3 days a week for 8 weeks (24 total
intervention sessions). During this time, Trey mastered addition with two 1-digit
numbers with sums to 10 and addition with two 2-digit numbers with no regrouping.
Tanya
The data for Tanya are presented graphically in Figure 3.1. Visual inspection
revealed a slight increase in variability in DCPM for the baseline phase with relatively
level performance and no changes in trend. None of the six baseline data points (0%)
were observed to be above the mastery criterion of 20 DCPM. Baseline errors were
observed to slightly decrease in level across the phase, with slight variability observed.
With regard to the Math to Mastery intervention phase, an immediate increase in level,
trend, and variability was observed in DCPM. Six of the 24 data points (25%) were
observed to be at or above the mastery criterion of 20 DCPM. Errors in the Math to
Mastery intervention phase were observed to decrease in level, trend, and variability as
compared to the EPM in the baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 10.7,
range 10-11) to the mean DCPM in the Math to Mastery condition (M = 17.8, range 1422), only the Math to Mastery condition resulted in an increase of DCPM near the
mastery criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the
baseline condition (M = 0.83, range 0-2) to the mean EPM in the Math to Mastery
condition (M = 0.04, range 0.0-1.0), only the Math to Mastery condition resulted in a
decrease of EPM. During the Math to Mastery intervention, Tanya was administered an
76

average of 3.5 repeated practices per session (range 1-7) before achieving mastery level.
Tanya received the Math to Mastery intervention 3 days a week for 8 weeks (24 total
intervention sessions). Despite nearly achieving mastery on several intervention sessions,
Tanya mastered only addition with two 1-digit numbers that summed to 10.
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Figure 3.1 First Dyad’s (Trey and Tanya) DCPM and EPM across baseline and
intervention phases.
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Ashley
The data for Ashley are presented graphically in Figure 3.2. Visual inspection
revealed a slight increase in variability in DCPM across the baseline phase. None of the
three baseline data points (0%) were observed to be above the mastery criterion of 20
DCPM. Baseline errors were observed to slightly increase in trend, with marginal
variability observed. With regard to the Math to Mastery intervention phase, an
immediate increase in level, trend, and variability was observed in DCPM. Five of the 24
data points (21%) were observed to be at or above the mastery criterion of 20 DCPM.
Errors in the Math to Mastery intervention phase were observed to remain relatively
constant in level, trend, and variability as compared to the EPM in the baseline phase
with total elimination of errors after the sixth intervention session.
When comparing the means of the DCPM in the baseline condition (M = 12.7,
range 11-14) to the mean DCPM in the Math to Mastery condition (M = 18.8, range 1626), only the Math to Mastery condition resulted in an increase of DCPM near the
mastery criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the
baseline condition (M = 0.33, range 0-1) to the mean EPM across the Math to Mastery
condition (M = 0.17, range 0.0-1.0), only the Math to Mastery condition resulted in a
decrease of EPM. During the Math to Mastery intervention, Ashley was administered an
average of 3.8 repeated practices per session (range 1-8) before achieving mastery level.
Ashley received the Math to Mastery intervention 3 days a week for 8 weeks (24 total
intervention sessions). Despite nearly achieving mastery on several intervention sessions,
Ashley mastered only addition with two 1-digit numbers with sums to 10.
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Talia
The data for Talia are presented graphically in Figure 3.2. Visual inspection
revealed a slight decrease in level and a decrease in variability in DCPM toward the end
of the baseline phase. None of the six baseline data points (0%) were observed to be
above the mastery criterion of 20 DCPM. Initially, an increasing trend was observed
with regard to errors in baseline and a high degree of variability observed overall. With
regard to the Math to Mastery intervention phase, an immediate increase in level, trend,
and variability was observed in DCPM. Fourteen of the 24 data points (58%) were
observed to be at or above the mastery criterion of 20 DCPM. Errors in the Math to
Mastery intervention phase were observed to decrease in level, trend, and variability as
compared to the EPM in the baseline phase. However, errors were observed to initially
increase as the student was exposed to new benchmarks.
When comparing the means of the DCPM in the baseline condition (M = 9.7,
range 9-11) to the mean DCPM in the Math to Mastery condition (M = 20.3, range 15.527), only the Math to Mastery condition resulted in an increase of DCPM near the
mastery criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the
baseline condition (M = 3.8, range 2-5) to the mean EPM in the Math to Mastery
condition (M = 0.56, range 0.0-2.0), only the Math to Mastery condition resulted in a
decrease of EPM. During the Math to Mastery intervention, Talia was administered an
average of 1.8 repeated practices per session (range 1-4) before achieving mastery level.
Talia received the Math to Mastery intervention 3 days a week for 8 weeks (24 total
intervention sessions). During this time, Talia mastered addition with two 1-digit
numbers with sums to 10, addition with two 2-digit numbers with no regrouping, addition
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with two 3-digit numbers with no regrouping, and addition with three to five 1-digit
numbers.
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Figure 3.2 Second Dyad’s (Ashley and Talia) DCPM and EPM across baseline and
intervention phases.
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Bill
The data for Bill are displayed graphically in Figure 3.3. Visual inspection
revealed a slight increase in both level and variability in DCPM across the baseline
phase. None of the three baseline data points (0%) were observed to be above the
mastery criterion of 20 DCPM. Baseline errors were observed to decrease in level and
variability. With regard to the Math to Mastery intervention phase, an immediate
increase in level, trend, and variability was observed in DCPM. Fourteen of the 24 data
points (58%) were observed to be at or above the mastery criterion of 20 DCPM. Errors
in the Math to Mastery intervention phase were observed to remain relatively constant in
level, trend, and variability as compared to the EPM in the baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 8.7,
range 7-10) to the mean DCPM in the Math to Mastery condition (M = 20.1, range 1525), only the Math to Mastery condition resulted in an increase of DCPM near the
mastery criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the
baseline condition (M = 0.7, range 0-2) to the mean EPM in the Math to Mastery
condition (M = 0.3, range 0.0-2.0), only the Math to Mastery condition resulted in a
decrease of EPM. During the Math to Mastery intervention, Bill was administered an
average of 2.1 repeated practices per session (range 1-4) before achieving mastery level.
Bill received the Math to Mastery intervention 3 days a week for 8 weeks (24 total
intervention sessions). During this time, Bill mastered addition with two 1-digit numbers
with sums to 10, addition with two 2-digit numbers with no regrouping, addition with two
3-digit numbers with no regrouping, and addition with three to five 1-digit numbers.
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Brianne
The data for Brianne are displayed graphically in Figure 3.3. Visual inspection
revealed a slight increase in variability in DCPM across the baseline phase. None of the
six baseline data points (0%) were observed to be above the mastery criterion of 20
DCPM. Baseline errors remained relatively level, with slight variability observed. With
regard to the Math to Mastery intervention phase, an immediate increase in level, trend,
and variability was observed in DCPM. Seven of the 24 data points (25%) were observed
to be at or above the mastery criterion of 20 DCPM. Errors in the Math to Mastery
intervention phase were observed to decrease slightly in level and trend as compared to
the EPM in the baseline phase. Initially, variability was observed to slightly increase
when compared to the baseline phase. However, errors became more stable as the student
was exposed to the intervention over time.
When comparing the means of the DCPM in the baseline condition (M = 13.2,
range 11-15) to the mean DCPM in the Math to Mastery condition (M = 18.5, range 15.520.5), only the Math to Mastery condition resulted in an increase of DCPM near the
mastery criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the
baseline condition (M = 1.2, range 1-2) to the mean EPM in the Math to Mastery
condition (M = 0.3, range 0.0-2.0), only the Math to Mastery condition resulted in a
decrease of EPM. During the Math to Mastery intervention, Brianne was administered an
average of 3.5 repeated practices per session (range 1-6) before achieving mastery level.
Brianne received the Math to Mastery intervention 3 days a week for 8 weeks (24 total
intervention sessions). During this time, Brianne mastered addition with two1-digit
numbers with sums to 10 and addition with two 2-digit numbers with no regrouping.
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Figure 3.3 Third Dyad’s (Bill and Brianne) DCPM and EPM across baseline and
intervention phases.
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David
The data for David are presented graphically in Figure 3.4. Visual inspection
revealed a slight decrease in level and an increase in variability in DCPM across the
baseline phase. None of the three baseline data points (0%) were observed to be above
the mastery criterion of 20 DCPM. Baseline errors increased in level, with some
variability observed. With regard to the Math to Mastery intervention phase, an
immediate increase in level, trend, and variability was observed in DCPM. Twelve of the
24 data points (50%) were observed to be at or above the mastery criterion of 20 DCPM.
Errors in the Math to Mastery intervention phase were observed to remain relatively
constant in level and trend as compared to the EPM in the baseline phase. Variability
was observed to increase slightly over the baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 13,
range 12-14) to the mean DCPM in the Math to Mastery condition (M = 20.5, range 1526), only the Math to Mastery condition resulted in an increase of DCPM near the
mastery criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the
baseline condition (M = 0.67, range 0-1) to the mean EPM in the Math to Mastery
condition (M = 0.27, range 0.0-1.0), only the Math to Mastery condition resulted in a
decrease of EPM. During the Math to Mastery intervention, David was administered an
average of 3.4 repeated practices per session (range 1-5) before achieving mastery level.
David received the Math to Mastery intervention 3 days a week for 8 weeks (24 total
intervention sessions). During this time, David mastered addition with two 1-digit
numbers with sums to 10, addition with two 2-digit numbers with no regrouping, addition
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with two 3-digit numbers with no regrouping, and addition with three to five 1 digit
numbers.
Lauren
The data for Lauren are presented graphically in Figure 3.4. Visual inspection
revealed a slight decrease in level and an increase in variability in DCPM across the
baseline phase. None of the six baseline data points (0%) were observed to be above the
mastery criterion of 20 DCPM. Baseline errors increased in level, with a slight
variability observed. With regard to the Math to Mastery intervention phase, an
immediate increase in level, trend, and variability was observed in DCPM. Twelve of the
24 data points (50%) were observed to be at or above the mastery criterion of 20 DCPM.
Errors in the Math to Mastery intervention phase were observed to remain relatively
constant in level and trend as compared to the EPM in the baseline phase. Variability
was observed to increase slightly when compared to the baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 9.3
range 9-11) to the mean DCPM in the Math to Mastery condition (M = 19.6, range 1625), only the Math to Mastery condition resulted in an increase of DCPM near the
mastery criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the
baseline condition (M = 0.83, range 0-2) to the mean EPM in the Math to Mastery
condition (M = 0.19, range 0.0-1.5), only the Math to Mastery condition resulted in a
decrease of EPM. During the Math to Mastery intervention, Lauren was administered an
average of 4.1 repeated practices per session (range 1-5) before achieving mastery level.
Lauren received the Math to Mastery intervention 3 days a week for 8 weeks (24 total
intervention sessions). During this time, Lauren mastered addition with two 1-digit
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numbers with sums to 10, addition with two 2-digit numbers with no regrouping, addition
with two 3-digit numbers with no regrouping, and addition with three to five 1-digit
numbers.
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Figure 3.4 Fourth Dyad’s (David and Lauren) DCPM and EPM across baseline and
intervention phases.
89

Brad
The data for Brad are presented graphically in Figure 3.5. Visual inspection
revealed that DCPM were relatively stable with regard to changes in level and variability
across the baseline phase. None of the three baseline data points (0%) were observed to
be above the mastery criterion of 20 DCPM. Baseline errors were observed to remain
constant in level at zero EPM, with no variability or trends observed. With regard to the
Math to Mastery intervention phase, an immediate increase in level, trend, and variability
was observed in DCPM. Eleven of the 24 data points (46%) were observed to be at or
above the mastery criterion of 20 DCPM. Errors in the Math to Mastery intervention
phase were observed to remain constant in level, trend, and variability as compared to the
EPM in the baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 11.3,
range 11-12) to the mean DCPM in the Math to Mastery condition (M = 19.2, range 1623), only the Math to Mastery condition resulted in an increase of DCPM near the
mastery criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the
baseline condition (M = 0, range 0-0) to the mean EPM in the Math to Mastery condition
(M = 0, range 0-0), both the Math to Mastery and baseline conditions resulted in 0 EPM.
During the Math to Mastery intervention, Brad was administered an average of 4.3
repeated practices per session (range 1-5) before achieving mastery level. Brad received
the Math to Mastery intervention 3 days a week for 8 weeks (24 total intervention
sessions). During this time, Brad mastered addition with two 1-digit numbers with sums
to 10, addition with two 2-digit numbers with no regrouping, addition with two 3-digit
numbers with no regrouping, and addition with three to five 1-digit numbers.
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Sam
The data for Sam are presented graphically in Figure 3.5. Visual inspection
revealed a stable, decreasing trend in DCPM across the baseline phase. None of the
three baseline data points (0%) were observed to be above the mastery criterion of 20
DCPM. A stable increasing trend was observed with regard to baseline errors. With
regard to the Math to Mastery intervention phase, an immediate increase in level, trend,
and variability was observed in DCPM. Eleven of the 24 data points (46%) were
observed to be at or above the mastery criterion of 20 DCPM. Errors in the Math to
Mastery intervention phase were observed to decrease in level, trend, and variability as
compared to the EPM in the baseline phase. When comparing the means of the DCPM in
the baseline condition (M = 10, range 9-12) to the mean DCPM in the Math to Mastery
condition (M = 19.3, range 15.5-25), only the Math to Mastery condition resulted in an
increase of DCPM near the mastery criterion of at least 20 DCPM.
Comparisons of the mean of the EPM in the baseline condition (M = 1.3, range 02) to the mean EPM in the Math to Mastery condition (M = 0.1, range 0.0-0.5), only the
Math to Mastery condition resulted in a decrease of EPM. During the Math to Mastery
intervention, Sam was administered an average of 4.6 repeated practices per session
(range 1-6) before achieving mastery level. Sam received the Math to Mastery
intervention 3 days a week for 8 weeks (24 total intervention sessions). During this time,
Sam mastered addition with two 1-digit numbers with sums to 10, addition with two 2digit numbers with no regrouping, and addition with two 3-digit numbers with no
regrouping.
91

Figure 3.5 Fifth Dyad’s (Brad and Sam) DCPM and EPM across baseline and
intervention phases.
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Jessica
The data for Jessica are presented in Figure 3.6. Visual inspection revealed a
slight increasing trend DCPM across the baseline phase. None of the three baseline data
points (0%) were observed to be above the mastery criterion of 20 DCPM. Likewise, a
stable increasing trend was observed in EPM across the baseline phase. With regard to
the Math to Mastery intervention phase, an immediate increase in level, trend, and
variability was observed in DCPM. Twelve of the 24 data points (50%) were observed to
be at or above the mastery criterion of 20 DCPM. Errors in the Math to Mastery
intervention phase were observed to slightly decrease in level and trend as compared to
the EPM in the baseline phase. Variability was observed to increase slightly when
compared to the baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 9.3,
range 9-10) to the mean DCPM in the Math to Mastery condition (M = 19.0, range 1522), only the Math to Mastery condition resulted in an increase of DCPM near the
mastery criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the
baseline condition (M = 0.67, range 0-1) to the mean EPM in the Math to Mastery
condition (M = 0.15, range 0.0-1.0), only the Math to Mastery condition resulted in a
decrease of EPM. During the Math to Mastery intervention, Jessica was administered an
average of 3.5 repeated practices per session (range 1-5) before achieving mastery level.
Jessica received the Math to Mastery intervention 3 days a week for 8 weeks (24 total
intervention sessions). During this time, Jessica mastered addition with two 1-digit
numbers with sums to 10, addition with two 2-digit numbers with no regrouping, addition
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with two 3-digit numbers with no regrouping, and addition with three to five 1 digit
numbers.
Don
The data for Don are presented in Figure 3.6. Visual inspection revealed a stable
level performance in DCPM across the baseline phase. None of the six baseline data
points (0%) were observed to be above the mastery criterion of 20 DCPM. Baseline
errors were observed to yield a fairly stable and level performance. Although Don
received only one week of the Math to Mastery intervention phase, an immediate increase
in level, trend, and variability was observed in DCPM. Zero of the 3 data points (0%)
were observed to be at or above the mastery criterion of 20 DCPM. Errors in the Math to
Mastery intervention phase were observed to decrease in level, trend, and variability as
compared to the EPM in the baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 11.3,
range 10-13) to the mean DCPM in the Math to Mastery condition (M = 16.3, range 15.517.5), only the Math to Mastery condition resulted in an increase of DCPM near the
mastery criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the
baseline condition (M = 0.67, range 0-1) to the mean EPM in the Math to Mastery
condition (M = 0.0, range 0.0-0.0), only the Math to Mastery condition resulted in a
decrease of EPM. During the Math to Mastery intervention, Don was administered an
average of 5.3 repeated practices per session (range 1-6) before achieving mastery level.
Don received the Math to Mastery intervention 3 days a week for 1 week (3 total
intervention sessions). During this time, Don did not master any mathematics skills.
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Figure 3.6 Sixth Dyad’s (Jessica and Don) DCPM and EPM across baseline and
intervention phases.
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Generalization
Trey
The data for Trey are presented graphically in Figure 3.7. Visual inspection
revealed relatively stable performance with regard to DCPM across the baseline phase.
None of the three baseline data points (0%) were observed to be above the mastery
criterion of 20 DCPM. Baseline errors were observed to decrease in level with slight
variability. With regard to the Math to Mastery intervention phase, an immediate change
in level and a slight increasing trend was observed in DCPM. None of the 8 data points
(0%) were observed to be at or above the mastery criterion of 20 DCPM. Errors in the
Math to Mastery intervention phase were observed to decrease in level, trend, and
variability as compared to the EPM in the baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 8, range
7-9) to the mean DCPM in the Math to Mastery condition (M = 13.5, range 11-18), only
the Math to Mastery condition resulted in an increase of DCPM near the mastery criterion
of at least 20 DCPM. Comparisons of the mean of the EPM in the baseline condition (M
= 1.3, range 1-2) to the mean EPM in the Math to Mastery condition (M = 0.0, range 0.00.0), only the Math to Mastery condition resulted in a decrease of EPM. Trey received
the generalization probe 1 day a week for 8 weeks (8 total generalization sessions).
During this time, Trey was unable to achieve the mastery criterion of 20 DCPM on the
mixed skill grade level probe.
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Tanya
The data for Tanya are presented in Figure 3.7. Visual inspection revealed a slight
increasing trend in DCPM across the baseline phase. None of the six baseline data points
(0%) were observed to be above the mastery criterion of 20 DCPM. Baseline errors were
relatively stable yielding slight variability across the phase. With regard to the Math to
Mastery intervention phase, a gradual increasing trend with slight variability was
observed in DCPM. None of the 8 data points (0%) were observed to be at or above the
mastery criterion of 20 DCPM. Errors in the Math to Mastery intervention phase were
observed to decrease in level, trend, and variability as compared to the EPM in the
baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 8.7,
range 6-11) to the mean DCPM in the Math to Mastery condition (M = 16.2, range 9-17),
only the Math to Mastery condition resulted in an increase of DCPM near the mastery
criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the baseline
condition (M = 0.5, range 0-1) to the mean EPM in the Math to Mastery condition (M =
0.1, range 0.0-1.0), only the Math to Mastery condition resulted in a decrease of EPM.
Tanya received the generalization probe 1 day a week for 8 weeks (8 total generalization
sessions). During this time, Tanya was unable to achieve the mastery criterion of 20
DCPM on the mixed skill grade level probe.
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Figure 3.7 First Dyad’s (Trey and Tanya) Generalization DCPM and EPM across
baseline and intervention phases.
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Ashley
The data for Ashley are presented in figure 3.8. Visual inspection revealed a
slightly variable performance with regard to DCPM across the baseline phase. None of
the three baseline data points (0%) were observed to be above the mastery criterion of 20
DCPM. Baseline errors were observed to remain relatively stable in level with slight
variability. A steady increasing trend in DCPM was observed across the Math to Mastery
intervention phase. One of the 8 data points (12.5%) were observed to be at or above the
mastery criterion of 20 DCPM. Errors in the Math to Mastery intervention phase were
observed to decrease in level, trend, and variability as compared to the EPM in the
baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 7.7,
range 6-9) to the mean DCPM in the Math to Mastery condition (M = 15.3, range 8-20),
only the Math to Mastery condition resulted in an increase of DCPM near the mastery
criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the baseline
condition (M = 0.3, range 0-1) to the mean EPM in the Math to Mastery condition (M =
0.0, range 0.0-0.0), only the Math to Mastery condition resulted in a decrease of EPM.
Ashley received the generalization probe 1 day a week for 8 weeks (8 total generalization
sessions). During this time, Ashley was able to achieve the mastery criterion of 20
DCPM on the mixed skill grade level probe once (12.5%).
Talia
The data for Talia are presented in Figure 3.8. Visual inspection revealed a slight
increasing trend in DCPM across the baseline phase. None of the six baseline data points
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(0%) were observed to be above the mastery criterion of 20 DCPM. Baseline errors were
observed to remain fairly stable across the baseline phase. A gradual increasing trend
with slight variability in DCPM was observed across the Math to Mastery intervention
phase. One of the 8 data points (12.5%) were observed to be at or above the mastery
criterion of 20 DCPM. Errors in the Math to Mastery intervention phase were observed
to remain relatively stable in EPM across the intervention phase.
When comparing the means of the DCPM in the baseline condition (M = 8.2,
range 6-10) to the mean DCPM in the Math to Mastery condition (M = 15, range 10-20),
only the Math to Mastery condition resulted in an increase of DCPM near the mastery
criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the baseline
condition (M = 1.3, range 1-2) to the mean EPM in the Math to Mastery condition (M =
0.4, range 0.0-1.0), only the Math to Mastery condition resulted in a decrease of EPM.
Talia received the generalization probe 1 day a week for 8 weeks (8 total generalization
sessions). During this time, Talia was able to achieve the mastery criterion of 20 DCPM
on the mixed skill grade level probe once (12.5%).
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Figure 3.8 Second Dyad’s (Ashley and Talia) Generalization DCPM and EPM across
baseline and intervention phases.
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Bill
The data for Bill are presented in Figure 3.9. Visual inspection revealed a slight
increasing trend in DCPM across the baseline phase. None of the three baseline data
points (0%) were observed to be above the mastery criterion of 20 DCPM. Baseline
errors were observed to remain relatively level, and displayed slight variability. A
gradual increasing trend with slight variability in DCPM was observed across the Math to
Mastery intervention phase. None of the 8 data points (0%) were observed to be at or
above the mastery criterion of 20 DCPM. Errors in the Math to Mastery intervention
phase were observed to remain relatively stable in level and trend as compared to the
EPM in the baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 8.3,
range 8-9) to the mean DCPM in the Math to Mastery condition (M = 13.5, range 9-18),
only the Math to Mastery condition resulted in an increase of DCPM near the mastery
criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the baseline
condition (M = 0.3, range 0-1) to the mean EPM in the Math to Mastery condition (M =
0.4, range 0.0-2.0), both the Baseline and Math to Mastery conditions resulted in a
decrease of EPM. Bill received the generalization probe 1 day a week for 8 weeks (8
total generalization sessions). During this time, Bill was unable to achieve the mastery
criterion of 20 DCPM on the mixed skill grade level probe.
Brianne
The data for Brianne are presented in Figure 3.9. Visual inspection revealed a
relatively stable performance with regard to DCPM across the baseline phase. None of
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the six baseline data points (0%) were observed to be above the mastery criterion of 20
DCPM. Baseline errors were observed to decrease in level and displayed slight
variability. Visual inspection revealed an immediate increase in variability in DCPM
with a slight increasing trend across the Math to Mastery intervention phase. None of the
8 data points (0%) were observed to be at or above the mastery criterion of 20 DCPM.
Errors in the Math to Mastery intervention phase were observed to remain relatively
stable in both level and trend while variability increased as compared to the EPM in the
baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 10,
range 9-11) to the mean DCPM in the Math to Mastery condition (M = 12.4, range 8-17),
only the Math to Mastery condition resulted in an increase of DCPM near the mastery
criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the baseline
condition (M = 0.7, range 0-1) to the mean EPM in the Math to Mastery condition (M =
0.4, range 0.0-2.0), only the Math to Mastery condition resulted in a decrease of EPM.
Brianne received the generalization probe 1 day a week for 8 weeks (8 total
generalization sessions). During this time, Brianne was unable to achieve the mastery
criterion of 20 DCPM on the mixed skill grade level probe.
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Figure 3.8 Second Dyad’s (Ashley and Talia) Generalization DCPM and EPM across
baseline and intervention phases.
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David
The data for David are presented in Figure 3.10. Visual inspection revealed a
slight increasing trend in DCPM across the baseline phase. None of the three baseline
data points (0%) were observed to be above the mastery criterion of 20 DCPM. Baseline
errors were observed to be fairly stable across the phase. An immediate decrease in level
was observed in DCPM in the Math to Mastery intervention phase. In addition, a slight
increasing trend was observed in DCPM across the intervention phase. None of the 8
data points (0%) were observed to be at or above the mastery criterion of 20 DCPM.
Errors in the Math to Mastery intervention phase were observed to remain relatively
stable in level, trend, and variability compared to the EPM in the baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 10.7,
range 10-11) to the mean DCPM in the Math to Mastery condition (M = 14.1, range 1018), only the Math to Mastery condition resulted in an increase of DCPM near the
mastery criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the
baseline condition (M = 0.3, range 0-1) to the mean EPM in the Math to Mastery
condition (M = 0.1, range 0.0-1.0), only the Math to Mastery condition resulted in a
decrease of EPM. David received the generalization probe 1 day a week for 8 weeks (8
total generalization sessions). During this time, David was unable to achieve the mastery
criterion of 20 DCPM on the mixed skill grade level probe.
Lauren
The data for Lauren are presented in Figure 3.10. Visual inspection revealed
relatively stable performance with regard to DCPM across the baseline phase. None of
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the three baseline data points (0%) were observed to be above the mastery criterion of 20
DCPM. Baseline errors were observed to remain relatively level, and displayed slight
variability. An increase in variability and a slight increase in level was observed in
DCPM across the Math to Mastery intervention phase. None of the 8 data points (0%)
were observed to be at or above the mastery criterion of 20 DCPM. Errors in the Math to
Mastery intervention phase were observed to remain relatively stable in both level and
trend while variability increased as compared to the EPM in the baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 10,
range 9-11) to the mean DCPM in the Math to Mastery condition (M = 12.4, range 9-17),
only the Math to Mastery condition resulted in an increase of DCPM near the mastery
criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the baseline
condition (M = 0.7, range 0-1) to the mean EPM in the Math to Mastery condition (M =
0.4, range 0.0-2.0), only the Math to Mastery condition resulted in a decrease of EPM.
Lauren received the generalization probe 1 day a week for 8 weeks (8 total generalization
sessions). During this time, Lauren was unable to achieve the mastery criterion of 20
DCPM on the mixed skill grade level probe.
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Figure 3.10 Fourth Dyad’s (David and Lauren) Generalization DCPM and EPM across
baseline and intervention phases.
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Brad
The data for Brad are displayed in Figure 3.11. Visual inspection revealed that
both level and variability remained stable in DCPM across the baseline phase. None of
the three baseline data points (0%) were observed to be above the mastery criterion of 20
DCPM. Baseline errors were observed to remain stable with no variability. With regard
to the Math to Mastery intervention phase, a gradual increase in level, trend, and
variability was observed in DCPM. One of the 8 data points (12.5%) was observed to be
at or above the mastery criterion of 20 DCPM. Errors in the Math to Mastery
intervention phase were observed to remain stable in level trend, and variability as
compared to the EPM in the baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 11,
range 11-11) to the mean DCPM in the Math to Mastery condition (M = 15.6, range 1120), only the Math to Mastery condition resulted in an increase of DCPM near the
mastery criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the
baseline condition (M = 0.0, range 0-1) to the mean EPM in the Math to Mastery
condition (M = 0.0, range 0.0-0.0), both the Baseline and Math to Mastery conditions
resulted in a decrease of EPM. Brad received the generalization probe 1 day a week for 8
weeks (8 total generalization sessions). During this time, Brad was able to achieve the
mastery criterion of 20 DCPM on the mixed skill grade level probe once (12.5%).
Sam
The data for Sam are presented in Figure 3.11. Visual inspection revealed a slight
increasing trend in DCPM across the baseline phase. None of the six baseline data points
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(0%) were observed to be above the mastery criterion of 20 DCPM. Baseline errors were
observed to remain level, and displayed slight variability. A small immediate change in
level and a slight increasing trend in DCPM was observed across the Math to Mastery
intervention phase. None of the 8 data points (0%) were observed to be at or above the
mastery criterion of 20 DCPM. Errors in the Math to Mastery intervention phase were
observed to decrease in level, trend, and variability as compared to the EPM in the
baseline phase.
When comparing the means of the DCPM in the baseline condition (M = 7, range
5-9) to the mean DCPM in the Math to Mastery condition (M = 12.3, range 10-14), only
the Math to Mastery condition resulted in an increase of DCPM near the mastery criterion
of at least 20 DCPM. Comparisons of the mean of the EPM in the baseline condition (M
= 1.5, range 1-3) to the mean EPM in the Math to Mastery condition (M = 0.1, range 0.01.0), only the Math to Mastery condition resulted in a decrease of EPM. Sam received
the generalization probe 1 day a week for 8 weeks (8 total generalization sessions).
During this time, Sam was unable to achieve the mastery criterion of 20 DCPM on the
mixed skill grade level probe.
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Figure 3.11 Fifth Dyad’s (Brad and Sam) Generalization DCPM and EPM across
baseline and intervention phases.
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Jessica
The data for Jessica are presented in Figure 3.12. Visual inspection revealed a
slight increasing trend in DCPM across the baseline phase. None of the three baseline
data points (0%) were observed to be above the mastery criterion of 20 DCPM. Baseline
errors were observed to decrease in level, and displayed slight variability. A steady
increasing trend in DCPM was observed across the Math to Mastery intervention phase.
One of the 8 data points (12.5%) were observed to be at or above the mastery criterion of
20 DCPM. Errors in the Math to Mastery intervention phase were observed to remain
relatively stable in level, trend, and variability as compared to the EPM in the baseline
phase.
When comparing the means of the DCPM in the baseline condition (M = 7.3,
range 6-8) to the mean DCPM in the Math to Mastery condition (M = 15.3, range 11-20),
only the Math to Mastery condition resulted in an increase of DCPM near the mastery
criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the baseline
condition (M = 1, range 0-2) to the mean EPM in the Math to Mastery condition (M =
0.3, range 0.0-1.0), only the Math to Mastery condition resulted in a decrease of EPM.
Jessica received the generalization probe 1 day a week for 8 weeks (8 total generalization
sessions). During this time, Jessica was able to achieve the mastery criterion of 20
DCPM on the mixed skill grade level probe once (12.5%).
Don
The data for Don are presented in Figure 3.12. Visual inspection revealed stable
performance with regard to DCPM across the baseline phase. None of the six baseline
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data points (0%) were observed to be above the mastery criterion of 20 DCPM. Baseline
errors were observed to remain level, and displayed slight variability. With regard to the
Math to Mastery intervention phase, level, trend, and variability could not be observed
due to the presence of only one data point. The single data point was not observed to be
at or above the mastery criterion of 20 DCPM. Errors in the Math to Mastery
intervention phase were also unable to be visually analyzed for level, trend, and
variability.
When comparing the means of the DCPM in the baseline condition (M = 7.2,
range 6-8) to the single DCPM point in the Math to Mastery condition (M = 11, range 1111), only the Math to Mastery condition resulted in an increase of DCPM near the
mastery criterion of at least 20 DCPM. Comparisons of the mean of the EPM in the
baseline condition (M = 0.7, range 0-1) to the single EPM point in the Math to Mastery
condition (M = 0.0, range 0.0-0.0), only the Math to Mastery condition resulted in a
decrease of EPM. Don received a total of 1 generalization probe (1 total generalization
session) due to his being dropped from the study. During this time, Sam was able to
achieve the mastery criterion of 20 DCPM on the mixed skill grade level probe (0%).
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Figure 3.12 Sixth Dyad’s (Jessica and Don) Generalization DCPM and EPM across
baseline and generalization phases.
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Research Questions
Four specific research questions were posed at the beginning of the manuscript
designed to evaluate the ability of the Math to Mastery intervention package to increase
the DCPM and decrease the EPM on single skill intervention and grade level
generalization probes for identified students in a school setting. Results for each research
question will be addressed below.
Research Question 1
When implemented by an interventionist, will Math to Mastery increase the
number of digits correct per minute on single skill instructional level probes for
elementary school students experiencing the intervention in a school setting?
For all 12 students (100%) included in the current study, exposure to the Math to
Mastery intervention resulted in a mean increase in DCPM over baseline levels.
Additionally, the mean level of performance was at or above the mastery criterion for
three of the twelve students (25%; Talia, Bill, and David) and within 1 DCPM for four
other students (33%; Lauren, Brad, Sam, and Jessica). These data are presented in Table
3.1.
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Table 3.1 Mean DCPM and Range on Single Skill Intervention Probes
__________________________________________________________________
Student

______ Baseline______

___Math to Mastery_____

Mean DCPM
Range
Mean DCPM
Range
___________________________________________________________________
Trey

14.30

14.00-15.00

18.70

16.00-24.00

Tanya

10.70

10.00-11.00

17.80

14.00-22.00

Ashley

12.70

11.00-14.00

18.80

16.00-26.00

Talia

9.70

9.00-11.00

20.30

15.50-27.00

Bill

8.70

7.00-10.00

20.10

15.00-25.00

Brianne

13.20

11.00-15.00

18.50

15.50-20.50

David

13.00

12.00-14.00

20.50

15.00-26.00

Lauren

9.30

9.00-11.00

19.60

16.00-22.00

Brad

11.30

11.00-12.00

19.20

16.00-25.00

Sam

10.00

9.00-12.00

19.30

15.50-25.00

9.30

9.00-10.00

19.00

15.00-22.00

Jessica

Don
11.30
10.00-13.00
16.30
15.50-17.50
_______________________________________________________________ ____
Note. DCPM = digits correct per minute.
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Research Question 2
When implemented by an interventionist, will Math to Mastery decrease the
number of errors per minute on single skill instructional level probes for elementary
school students experiencing the intervention in a school setting?
For all twelve students (100%) included in the current study, exposure to the Math
to Mastery intervention resulted in a mean decrease in EPM as compared to baseline
levels. Additionally, the mean level of performance was at or under the mastery criterion
for all twelve students (100%). These data are presented in Table 3.2.
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Table 3.2 Mean EPM and Range on Single Skill Probes
______________________________________________________________
Student

______ Baseline______

___Math to Mastery____

Mean EPM
Range
Mean EPM
Range
______________________________________________________________
Trey

1.30

1.00-2.00

0.04

0.00-0.50

Tanya

0.83

0.00-2.00

0.04

0.00-1.00

Ashley

0.33

0.00-1.00

0.17

0.00-1.00

Talia

3.80

2.00-5.00

0.56

0.00-2.00

Bill

0.70

0.00-2.00

0.03

0.00-2.00

Brianne

1.20

1.00-2.00

0.30

0.00-2.00

David

0.67

0.00-1.00

0.27

0.00-1.00

Lauren

0.83

0.00-2.00

0.19

0.00-1.50

Brad

0.00

0.00-0.00

0.00

0.00-0.00

Sam

1.30

0.00-2.00

0.01

0.00-1.00

Jessica

0.67

0.00-1.00

0.15

0.00-1.00

Don
0.67
0.00-1.00
0.00
0.00-0.00
______________________________________________________________
Note. EPM = errors correct per minute.
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Research Question 3
When implemented by an interventionist, will Math to Mastery increase the
number of digits correct per minute on multiple skill grade level probes for elementary
school students experiencing the intervention in a school setting?
For all 12 students (100%) included in the current study, exposure to the Math to
Mastery intervention resulted in a mean increase in DCPM over baseline levels.
However, none of the students’ mean level of performance (0%) was at or above the
mastery criterion of 20 DCPM. These data are presented in Table 3.3.
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Table 3.3 Mean DCPM and Range on Multiple Skill Generalization Probes
_________________________________________________________________
Student

______ Baseline______

___Math to Mastery_______

Mean DCPM
Range
Mean DCPM
Range
_________________________________________________________________
Trey

8.00

7.00-0.00

13.50

11.00-18.00

Tanya

8.70

6.00-11.00

16.20

9.00-17.00

Ashley

7.70

6.00-9.00

15.30

8.00-20.00

Talia

8.20

6.00-10.00

15.00

10.00-20.00

Bill

8.33

8.00-9.00

13.50

9.00-18.00

Brianne

10.00

9.00-11.00

12.40

8.00-17.00

David

12.33

10.00-15.00

14.10

10.00-18.00

Lauren

10.00

9.00-11.00

12.40

8.00-17.00

Brad

11.00

11.00-11.00

15.60

11.00-20.00

Sam

7.00

5.00-9.00

12.30

10.00-14.00

Jessica

7.33

6.00-8.00

15.30

11.00-20.00

Don
7.17
6.00-8.00
11.00
11.00-11.00
_________________________________________________________________
Note. DCPM = digits correct per minute.
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Research Question 4
When implemented by an interventionist, will Math to Mastery decrease the
number of errors per minute on multiple skill grade level probes for elementary school
students experiencing the intervention in a school setting?
For 11 of the 12 students (92%) included in the current study, exposure to the
Math to Mastery intervention resulted in a mean decrease in EPM as compared to
baseline levels. The other participant, Brad, did not make any errors across either the
baseline or the intervention phases. Additionally, the mean level of performance was at
or under the mastery criterion for all 12 students (100%). These data are presented in
Table 3.4.
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Table 3.4 Mean EPM and Range on Multiple Skill Generalization Probes
______________________________________________________________
Student

______ Baseline______

___Math to Mastery____

Mean EPM
Range
Mean EPM
Range
______________________________________________________________
Trey

1.33

1.00-2.00

0.00

0.00-0.00

Tanya

0.50

0.00-1.00

0.10

0.00-1.00

Ashley

1.33

1.00-2.00

0.00

0.00-0.00

Talia

1.33

1.00-2.00

0.40

0.00-1.00

Bill

0.33

0.00-2.00

0.30

0.00-2.00

Brianne

1.20

1.00-2.00

0.30

0.00-2.00

David

0.67

0.00-1.00

0.10

0.00-1.00

Lauren

0.67

0.00-1.00

0.40

0.00-2.00

Brad

0.00

0.00-0.00

0.00

0.00-0.00

Sam

1.50

1.00-3.00

0.10

0.00-1.00

Jessica

1.00

0.00-2.00

0.30

0.00-1.00

Don
0.67
0.00-1.00
0.00
0.00-0.00
______________________________________________________________
Note. EPM = errors correct per minute.
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Secondary Analysis – Number of Skills Mastered
In order to “master” a skill, the student was required to reach the mastery criterion
on three consecutive intervention sessions before progressing on to the next benchmark.
Perhaps, due to the relatively stringent nature of this mastery requirement, four of the
eleven students were only able to master one to two skills during the eight week
intervention period. The remaining seven students were able to master 3 to 5 skills
during the same eight week time frame. Overall, the eleven students that received the full
eight weeks of intervention mastered an average of 2.9 mathematics skills. The twelfth
student in the study, Don was unable to master any skills during his three week
intervention. The number of skills mastered by each student is presented in Table 3.5.
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Table 3.5 Number of skills mastered by
individual students
________________________________________
Student
Number of skills mastered
________________________________________
Trey

2

Tanya

2

Ashley

1

Talia

4

Bill

4

Brianne

2

David

4

Lauren

4

Brad

4

Sam

3

Jessica

4

Don
0
_______________________________________
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CHAPTER IV
DISCUSSION
The discussion section will begin with an (a) overall summary of the current
study. Subsequent sections will address each of the following: (b) implications of the
current study, (c) suggestions for future research, and will end with the (d) conclusion.
Summary
As previously noted, mathematics is the single most widely utilized academic
subject in the world (Lewis, 2000). Indeed, math is used in a variety of situations ranging
from the commonplace situations such as personal finance budgeting or time
management, to business decisions and governmental decisions that affect millions. A
solid foundation in the basic aspects of mathematics is considered by most to be of
paramount importance given the future ramifications of an ever changing social and
economic structure (Lucas, 2005). Insisting that students master computation skills is not
to advocate that they stop at the basics. Basic skills are a base upon which more
advanced skills are build, not a ceiling. Students must learn arithmetic so that they can
move on to more demanding mathematics—algebra, geometry, calculus (Loveless,
2003).
Unfortunately, many students in the educational system are not obtaining
mathematics skills at the appropriate grade level placing them at risk for negative
outcomes including failure to meet state derived benchmarks and objectives on group
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administered annual evaluations, retention based on failing grades, and potential failure
to acquire a high school diploma based on dropping out of school (Rhymer et al, 2000).
Despite the increasing efforts to reform mathematics education in the United
States, many students have difficulty mastering mathematic skills (Phillips, 1990). Data
from the National Assessment of Educational Progress (NAEP) indicated that less than
half of all students’ math skills are at the proficient level (NAEP, 2002). The NAEP also
found that the average math scores of fourth graders, eighth graders, and twelfth-graders
have improved only slightly in the span of ten years (1990-2000). A more in depth
analysis of the first and most recent reports revealed that lower-achieving students lag
behind their higher achieving peers in terms of both quality and quantity. Basically, the
lower achieving students are not learning as fast as, or as much as, higher-achieving
students (NAEP, 2002). Without providing more effective mathematics instruction, this
difference in skill acquisition rates is creating an even larger gap between advantaged and
disadvantaged students (Hoda, 2006). As such, an evaluation of empirically-based
mathematics interventions conducted with elementary age students as part of an early
intervention process is needed for students identified as being at risk by performing
below grade level peers.
It has been found that intervention packages and individual components based on
curriculum based measurements (CBM) have been shown to be effective for improving
fluency with basic math facts in elementary school children with math difficulties (e.g.,
Harber et al., 2003; Harber et al., 2004). However, the efficacy of the Math to Mastery
intervention package, which is a collection of empirically-based intervention strategies,
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has not been evaluated over a long period (i.e, 8 weeks) of time in a school setting using a
larger sample of participants.
Thus, the purpose of the present study was to empirically evaluate the effects of
the Math to Mastery intervention package to improve the fluency rates of 12 identified
elementary school students who are performing at least one year below grade level as
measured by curriculum-based measurement procedures.
The results of the investigation revealed that the Math to Mastery intervention
resulted in a mean increase in digits correct per minute (DCPM) over baseline levels on
single skill mathematics probes for all 12 students including achieving the mastery
criterion for three students and increasing to within one DCPM of achieving mastery for
four other students. With regard to errors per minute (EPM) the Math to Mastery
intervention package produced a mean decrease for all 12 students in EPM as compared
to baseline levels. Additionally, the mean level of performance was at or under the
mastery criterion for all 12 students. With regard to the multiple skill generalization
probes, exposure to the Math to Mastery intervention resulted in a mean increase in
DCPM over baseline levels. However, none of the student’s mean level of performance
was at or above the mastery criterion of 20 DCPM. In terms of errors, exposure to the
Math to Mastery intervention resulted in a mean decrease in EPM as compared to
baseline levels for 11 of the 12 students. The other student, Brad, did not make any
errors across either the baseline or the intervention phases. Additionally, the mean level
of performance was at or under the mastery criterion for all 12 students. Thus, the
package as a whole appears to have provided the necessary components (i.e., modeling,
practice, corrective action, incentive via goal setting, and reinforcement) to improve the
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math fluency rates in terms of digits correct per minute while simultaneously decreasing
the number of errors per minute on single skill intervention probes. In addition, smaller
yet promising gains were obtained on multiple skill generalization probes.
According to Frederick (1995) and Tingstrom et al. (1995), modeling (i.e.,
previewing) has been shown to be an effective intervention for remediation of academic
skills. In the Math to Mastery intervention package, modeling appears to be an effective
component because it provided an example of the correct manner in which to solve math
problems, the appropriate rate at which the math problems should be solved, and the
expected DCPM to achieve mastery and discontinue the session.
Repeated practice and immediate corrective feedback have been shown to be
effective at increasing academic performance by Anderson (1982), Darch et al. (1984),
Greenwood et al. (1984), Harber et al. (2003), Harber et al. (2004), Skinner and Shapriro
(1989). The inclusion of the combination of repeated practice and immediate corrective
feedback is believed to be responsible for the increased and correct practice with difficult
problems (i.e., problems on which the student made an error). Indeed, previous research
(Hoda, 2006) has shown that the immediate corrective feedback component is in itself a
moderately effective intervention as it slightly increased many of the student’s
mathematics fluency levels. Despite its moderate success as a lone component, it was
found to be more effective in increasing mathematics fluency when incorporated into the
Math to Mastery intervention package.
Furthermore, goal setting, progress monitoring, self-charting, and reinforcement
for achievement of mastery criterion have been found to be effective interventions for
improving a number of behaviors including academics (Ayllon & Roberts, 1974; Coding,
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2003; Brown, Copeland, & Hall, 1986; Jackson & Mathews, 1995; Rhymer et al., 2000;
Skinner, Cashwell, & Skinner, 2000). By setting precise, clearly defined goals, students
are made aware of the expectations placed upon them. Progress towards these goals can
then be monitored in a manner in which the student knows exactly where he/she stands in
relation to achieving the set criterion. Reinforcement for achieving the set criterion
increases the likelihood that the student will be extrinsically motivated to achieve another
goal.
Despite the gains observed in mean DCPM and decreases noted in EPM across
both single skill and multiple skill probes, the efficacy of the Math to Mastery
intervention package might also be evaluated by the number of skills that the students
were able to master. The criterion for mastery on a single intervention session was that
the student’s median DCPM be equal to or greater than 20 DCPM. However, in order to
“master” a skill, the student was required to reach the mastery criterion on three
consecutive intervention sessions before progressing on to the next benchmark. Perhaps,
due to the relatively stringent nature of this mastery requirement, 4 of the 11 students
were only able to master one to 2 skills during the eight week intervention period. The
remaining 7 students were able to master 3 to 5 skills during the same eight week time
frame. Overall, the 11 students that received the full eight weeks of intervention
mastered an average of 2.9 new mathematics skills (e.g., addition with two 3-digit
numbers with no regrouping). The 12th student in the study, Don was unable to master
any skills during his three week intervention.
The efficacy of the Math to Mastery intervention package may also be potentially
evaluated by using the multiple skill probes as an outcome measure. Unlike the single
128

skill probes, the multiple skill probes were administered only once a week, at the end of
the week. The multiple skill probes were administered as “cold” probes in that none of
the components of the Math to Mastery intervention package were utilized.
The results of the multiple skill probes were consistent with the results of the
single skill probes in that exposure to the intervention package resulted in an increase in
DCPM for all students and a decrease in EPM for most students. However, only four of
the eleven students (36%) were able to achieve at least one mastery point on the 8
multiple skill probes. Don was unable to achieve mastery on his only attempt at the
multiple skill probe.
The lack of mastery performance may in part be attributed towards the fact that
the multiple skill probes contained problems that were based on third grade addition and
subtraction benchmarks. However, during the course of the eight week intervention, the
students were exposed only to addition skills. They received no interventions geared
towards subtraction. Had the students progressed through the single skill probes at a
faster rate, they would have been exposed to subtraction in the intervention condition.
Thus, the potential subtraction skills that the students could have acquired during the
intervention phase could have been potentially generalized towards their performance on
the multiple skill probes.
Implications
The current study demonstrated that Math to Mastery is effective in increasing
mathematics fluency while simultaneously decreasing errors with third grade students in
an elementary school setting. The amount of time needed to implement the intervention
is minimal and parents may also be able to use the intervention at home in order to
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supplement school lessons and assignments. The Math to Mastery intervention package
was designed to be implemented in sessions no longer than 30 minutes and was generally
implemented in approximately 15 to 20 minutes. Interventionists were trained in one 45
minute session. The performance improvement in math fluency as measured by DCPM
and the decrease in EPM for most students in this study can be attributed to the unique
combination, sequencing, and presentation of the individually empirically validated
intervention components used in the Math to Mastery intervention package. As such, the
Math to Mastery intervention package appears to be effective at closing the gap between
the level of performance and rate of progress (i.e., dual discrepancy) of low achieving
and typical students. Upon evaluation of the effects on math fluency, visual analysis of
the Math to Mastery intervention package suggests that it is potentially an effective
packaged intervention for remediation of math fluency skills. Given the common school
constraints on limited time for intervention, available resources, knowledge of and access
to effective interventions especially in math, this package provides another potential
empirically-based intervention that can be implemented within the educational system as
a potential individual intervention in the RtI model and tier process.
Limitations
Although the findings of the current study are relatively consistent across
students, there are several limitations that need to be identified. First, the results are
limited in their generalizability to mathematics other than the basic addition and
subtraction facts used in the current study. Further, the effects on performance with other
academic skills (e.g., multiplication and division) were not assessed.
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In terms of study design, a sample size of 12 participants is acceptable in a single
subject design. However, it is relatively small in comparison to the general population.
The participants included six males and six females. Three of the males were AfricanAmerican, whereas the other 3 males were Caucasian. There were also 2 African
American females, 2 Caucasian females, and 2 Hispanic females included in this study.
All students were enrolled in the third grade. Given the small sample size and variation
within the sample, it is with caution that the results can be generalized to other
populations or demographics. Future studies should evaluate the effects of Math to
Mastery within a larger population amongst groups with homogenous demographics in
order to determine populations with which Math to Mastery may be more beneficial or
less beneficial. These populations or groups may include specific grade level students;
students who demonstrate more severe discrepancies between current grade level and
instructional level performance; students who have difficulty with either accuracy, rate of
responding, or both; students who have difficulty with a specified single skill; and
students with and without low achievement, diagnoses of a specific learning disability,
and/or Attention Deficit/Hyperactivity Disorder.
Another potential limitation involves the multiple baseline design of the current
study. Due to the nature of the design, the second student in the dyad pair was exposed to
the baseline condition for approximately 1 week longer than the first student in the dyad.
Although unlikely, it is possible that some maturation may have taken place during this
time frame. This potential threat is reduced even further given the fairly immediate
changes in level, trend, and/or variability in DCPM for most of the participants
immediately after the implementation of the intervention phase.
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An additional limitation of the present study is that all intervention sessions were
conducted by the primary researcher. As previously stated, the primary researcher is a
highly trained graduate student in school psychology, who has received four years of
didactic training in academic interventions with an emphasis in curriculum based
measurement. The knowledge gained through didactic training was also applied in both
clinic and school settings. The primary investigator also has previous research
experience with the Math to Mastery intervention package in both clinic and school
settings. Although this may have increased the study’s internal validity, it somewhat
limits the generalizability of the findings to a true tiered intervention, as it may be
unlikely that current school-based interventionists or teachers possess the level of training
that the primary researcher has acquired across four years of intensive doctoral study in
the field of school psychology. However, it should be noted that (Miller, 2007) indicated
that the Math to Mastery intervention package was easily mastered by teachers who had
no previous training in the field of school psychology. Such outcomes are promising and
the level of training needed by other school-based professionals or para-professionals
should be investigated in future research studies.
Future Research
Components, Procedures, and Forms of Delivery
The individual components used in the Math to Mastery intervention package
have been found to be effective by other researchers, but have yet to be evaluated in the
context of the Math to Mastery collection of interventions. Thus, there is a need to extend
the current research base in an effort to determine the most effective combination of
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components for mathematics remediation. In an attempt to further streamline the
package, future research should evaluate the intervention package to determine which
components are essential in increasing students’ mathematics fluency and which
components are supplementary in nature.
Previous researchers (e.g., Tingstrom et al., 1995) have shown that the previewing
component is highly influential in improving gains in the area of reading. Thus, the
previewing component of Math to Mastery seems to be a necessary element however, this
should be evaluated by future studies. The repeated practice component of the Math to
Mastery package also appeared to be one of the most influential elements to improving
DCPM and reducing EPM, as this component combined with the immediate corrective
feedback component facilitates perfect practice. However, the use of immediate
corrective feedback versus providing delayed feedback at the end of one minute has not
been evaluated. In theory, immediate corrective feedback should produce better
outcomes due to decreasing practice of errors and the punishing effect of reducing
available time for correct responding which are not effects of delayed feedback.
Various forms of external reinforcement (e.g., social reinforcement from adults or
peers, tangible reinforcers such as stickers, food, and access to preferred activities) were
also provided upon the achievement of a mastery goal to increase the likelihood of future
student success. Future research should examine whether both intrinsic and extrinsic
reinforcers are necessary for students to increase their mathematics fluency.
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Length, Duration, Intensity of Intervention
Current guidelines suggest that potential Tier III interventions should be delivered
every day for 30-60 minutes per day (Bounds, 2006). However, these guidelines have yet
to be empirically validated (Hoda, 2006). Furthermore, the length, frequency and
intensity of intervention that each of the types of learners based on Haring and
colleagues’ hierarchy (1978) would need has yet to be established and requires further
research. At present, Math to Mastery appears to assist students in developing fluency
skills with basic math facts. However, no data are currently available on the usefulness
of the package for developing maintenance skills. As a result, further investigation of the
package is needed to address the aforementioned concerns.
Comparison to Other Packages
In this study, the Math to Mastery intervention package was not compared to any
single component or intervention package. Thus, it would be relevant to compare it to
other established and empirically validated packaged math interventions such as Cover,
Copy, and Compare (Skinner, Turco, Beatty, & Rasavage, 1989). The Cover, Copy, and
Compare intervention is a CBM-based program designed to address fluency. The
procedure uses a sheet of paper folded in half lengthwise. Ten problems and answers are
written on the left half and the right half is used by the student to write from memory the
problem and answer. The student is instructed to silently read the problem and answer on
the left side of the paper, cover the left side with an index card, write the problem and
answer from memory on the right side of the paper, and compare the problems. An
incorrect response requires that the student attempt the problem again, with a successful
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response necessary before moving to next problem. The Cover, Copy, and Compare
intervention has been proven effective for increasing spelling accuracy, multiplication
rates, division rates, and increasing the accuracy of identification of the individual U.S.
states (Hansen, 1978; Skinner et al., 1993; Skinner, Belfiore, & Pierce, 1992; Skinner,
Ford, & Yunker, 1991; Skinner et al., 1989).
Both the Cover, Copy, and Compare and Math to Mastery interventions include
modeling, practice, immediate corrective feedback, and reinforcement components.
Despite these similarities, the implementation of each of these intervention components is
quite different between the two interventions. For example, the modeling of the correct
answer in Cover, Copy, and Compare is delivered via the worksheet; whereas, in Math to
Mastery the correct answers are modeled by the interventionist.
Another example may be seen in the fact that both interventions provide
corrective feedback for incorrect responses; however Math to Mastery provides feedback
for each digit discontinuing incorrect practice sooner than does Cover, Copy, and
Compare which allows for the completion of a complete problem before providing
feedback. Also feedback is provided from the interventionist with Math to Mastery and
Cover, Copy, and Compare provides feedback in the form of the written answer with
which to compare.
Another difference between the delivery of service components may be seen
repeated practice component. Although both interventions provide repeated practice, the
Cover, Copy, and Compare intervention only requires additional practice for incorrect
responses whereas Math to Mastery requires additional practice for incorrect and/or slow
responses. Similarly, both interventions also provide reinforcement, but Cover, Copy,
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and Compare does not provide external social reinforcement that is provided by the
interventionist in Math to Mastery. Despite similar core components, the variations in
method of delivery of each strategy (e.g., modeling, practice, immediate corrective
feedback, and reinforcement) are likely to cause different effects in math performance.
Settings and Interventionists
Previous researchers (Hoda, 2006) have shown that a school psychology graduate
student and a certified elementary school teacher were able to be trained by the lead
researcher to conduct baseline and Math to Mastery intervention in less than 60 minutes.
This finding was strengthened by the findings of Miller (2007) whose results indicated
that the Math to Mastery can be effectively implemented by school personnel. These
results seem to be entire plausible as the intervention package would likely require little
time to adequately train school personnel such as teacher assistants or school based
interventionists on how to implement the intervention as designed. However, it should be
noted that future researchers need to investigate whether or not school-based personnel
could implement the Math to Mastery package with a high degree of initial treatment
integrity while also maintaining adequate levels of integrity throughout the course of the
school year. Some guidance from the Reading to Read literature is encouraging as Bailey
(1999) found that teacher assistants could implement the academic intervention for
reading skill deficits with high level compliance and treatment integrity. Additionally,
researchers (Hoda, 2006; Miller, 2007) have provided some initial data that teachers can
implement the Math to Mastery intervention with appropriate levels of integrity.
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Outcome Measures
In this study, both DCPM and EPM across single skill and multiple skill probes
were used to assess the effects of the Math to Mastery intervention package. Other
potential dependent variables that could be included in future studies to determine the
effects of Math to Mastery on other areas of student performance include annual
achievement tests and reduction in social behavior problems. As a student progresses
through increasingly difficult instructional level worksheets and eventually on to higher
grade level worksheets, the student’s performance on his or her grade level may improve
as his or her abilities begin to approximate appropriate grade level skills. Thus, it is
hypothesized that the effects of the intervention package would generalize to annual
achievement testing (e.g. Louisiana Educational Assessment Program test; LEAP). The
desired effect is for the Math to Mastery program is to effect change (i.e., cause learning)
that can be maintained and generalized to the general math setting. Furthermore, as a
student becomes more fluent with math skills, it may be plausible to expect a reduction of
off-task and disruptive behaviors as the demonstration of the acquired skills continue to
be internally and externally reinforced.
Group Designs
This study examined the effects of the Math to Mastery intervention package
using a single-subject design in an attempt to better understand the idiosyncratic nature of
student responses to the intervention package. Now that the intervention has been found
to be effective in increasing fluency with basic computational math facts in the areas of
addition and subtraction across clinic and traditional school settings, it seems appropriate
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to study the intervention effects in larger populations with a group design study (e.g.,
Math to Mastery versus control; Math to Mastery in a repeated measures pre-post design)
to evaluate the overall effectiveness of the intervention within a class, grade, or school.
Conclusion
The Math to Mastery intervention package shows potential for use as an effective
and efficient strategy for use with elementary school students who do not possess the
academic skills to be deemed fluent with basic addition and subtraction computation.
The package includes several effective, empirically-based components that have been
shown to be effective individually, but may be even more effective collectively. Thus,
this study has expanded on previous research by providing an initial evaluation of the use
of the Math to Mastery intervention package in a traditional school setting across an eight
week intervention period with a larger sample of students using a single subject design
and sensitive data collection procedures. Although the current study and the work of
other researchers (e.g., Hoda, 2006; Miller, 2007) have demonstrated the intervention’s
potential, future researchers should attempt to address the aforementioned limitations and
concerns to further evaluate the usefulness of this multi-component intervention package
in appropriately addressing the math fluency deficits of referred students.
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Plaquemines Parish School Board
SPECIAL EDUCATION DEPARTMENT
1484 Woodlawn Highway
Belle Chasse, LA 70037
(504) 595-6355
FAX (504) 398-0844

EVA G. JONES
Superintendent

STEWART L. STANLEY
Director

EVALUATION OF THE EFFECTS OF THE MATH TO MASTERY INTERVENTION PACKAGE
WITH ELEMENTARY SCHOOL STUDENTS IN A SCHOOL SETTING
Assent Form
My name is Mr. Mong. I am trying to learn about different ways children learn how to do math so that they
may become better at math. If you would like, you can be in my study, but first, I will read this form to
you so that you can make your decision.
If you decide you want to be in my study, you will try to solve several addition and subtraction problems.
You may do the same set of problems several times or you may only do them one time. Sometimes you
may get a treat if you do the problems better than you have before.
If you want to be in this math study, it could help you in several ways. Your teacher could learn how to
teach you better in math, and you could get better and faster at doing math problems.
Other people will not know if you are in my study. I will put things I learn about you together with things I
learn about other children, so no one can tell what things came from you. When I tell other people about
my study, I will not use your name, so no one can tell who I am talking about.
Your parents or guardian have to say it’s OK for you to be in the study. After they decide, you get to
choose if you want to do it too. If you don’t want to be in the study, no one will be mad at you and nothing
bad will happen to you. If you want to be in the study now and change your mind later, that’s OK also.
You can stop at any time.
My telephone number is 504-595-6487. You can call me if you have questions about the study or if you
decide you don’t want to be in the study any more.
I will give you a copy of this form in case you want to ask questions later.

Agreement
I have decided to be in the study even though I know that I don’t have to do it. Mr. Mong has read this
form to me and has answered all my questions.
______________________________
Signature of Study Participant

________________
Date

______________________________
Signature of Researcher

________________
Date

150

Plaquemines Parish School Board
1484 Woodlawn Highway
Belle Chasse, LA 70037
(504) 595-6355
FAX (504) 398-0844

EVA G. JONES
Superintendent

STEWART L. STANLEY
Director

Consent Form
Dear Parent,
We are conducting a research study to look at a potential intervention for helping students with problems in math at
school. Based on the results of the universal screening project, your child may benefit from extra math instruction.
Your child was identified and will begin receiving this additional instruction with your permission.
If you choose to allow your child to participate, your child will be administered mathematics interventions during
various classroom activities. The interventionist will interact with your child three times a week for approximately 15
minutes. During this time, your child will attempt to complete several basic mathematics problems (e.g. addition,
subtraction). We are asking your permission for your child to be included in this study. As a potential benefit,
participants in this study may show improvements in their mathematics fluency. Indeed, the mathematics intervention
being evaluated has been successful at increasing student mathematics fluency in other school districts. There are no
anticipated risks involved with participation in this study outside what normally occurs in a classroom. If you decline
participation for your child, it will not affect the school services provided to your child.
Will this information be kept confidential?
Your child’s name and academic information will be kept confidential. To protect your child’s privacy; for the
purposes of the research, he or she will be assigned a pseudo-name. This pseudo-name will be placed on all
paperwork used in the study. At no time will any research papers contain your child’s name. Please note that these
records will be held by a state entity and therefore are subject to disclosure if required by law.
Who do I contact with research questions?
If you should have any questions about this research project, please feel free to contact Michael Mong at 504-5956069 or Dr. Tony Doggett, Advisor at 662-325-3312. For additional information regarding your rights as a research
participant, please feel free to contact the Mississippi State University Regulatory Compliance Office at 662-3253294.
What if I do not want my child to participate?
Please understand that your participation is voluntary, your refusal to participate will involve no penalty or loss
of benefits to which you or your child are otherwise entitled.
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What if I DO want my child to participate?
If you would like your child to participate, please sign this sheet and return it in the stamped envelope enclosed with
this letter by ________.
Sincerely,
_______________________
Michael Mong, M.S.
School Psychologist
Plaquemines Parish School Board
_______________________
Parent Signature

_______________
Date

____________________________
Child’s Name (Please Print)
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Date

APPENDIX B
TREATMENT INTEGRITY CHECKLISTS FOR PRE-TREATMENT ASSESSMENT,
BASELINE, AND MATH TO MASTERY
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Date:__________ Math PreTx Assessment Integrity Checklist Examiner:_________

Materials: 3 grade level math worksheets, 3 below grade level math worksheets, and 3 two grades
below grade level math worksheets.
Please indicate with a mark (9) if the following step was completed:
1. _____ Sit beside the student and provide the grade level math worksheet.
2. _____ “Begin working right here (point to the first problem) and work across this
row and then go to the next row. Write each answer quickly and clearly
enough so that I can read it. I will say stop after 1 minute. Ready. Begin.”
3. _____ Time the student for 1 minute, but do not provide assistance. “Stop” after 1
minute.
4. _____ Count the number of DCPM.
If completed in less than 1 minute or if allowed to go longer than 1 minute
calculate the number of digits correct per minute using
# digits written correctly x 60.
# seconds working
5. _____ Get the next worksheet based upon the previous score. For example, if the child
is entering the 3rd grade and wrote 50 DCPM with less than 2 errors move up a
grade or two. If the child wrote 15 DCPM with 5 errors stay on that grade level
and get the MIDDLE passage. If the child wrote 7 DCPM or more than 7 errors
move down a grade or two. If a child is entering the upper grades (4th – 6th) but is
being assessed at the lower grades (1st – 3rd) instructional level, use the criteria
from the upper grade levels (i.e., Frustration = 0 – 19, Instructional = 20 – 39,
Mastery = 40+)
6. _____ Repeat to get 3 stable Instructional Level probes & determine Mastery, and
Frustration Levels, as well.

CBM NORMS (DENO & MIRKIN, 1977)

Grade
level
materials
1-3
4+

of Level

Digits correct per minute

Frustration
Instructional
Mastery
Frustration
Instructional
Mastery

Is the child on grade level?

YES

0-9
10-19
20+
0-19
20-39
40+
NO

What math level is the child on? _______
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Date: __________ Baseline Integrity Checklist

Examiner:_______________

Please indicate with a mark (9) if the following step was completed:
1. _____ Sit beside the student and provide the worksheet.
2. _____ “Begin working right here (point to the first problem) and work across
this row and then go to the next row. Write each answer quickly and
clearly enough so that I can read it. I will say stop after 1 minute.
Ready. Begin.”
3. _____ Time the student for 1 minute, but do not provide assistance. “Stop” after
1 minute.
4. _____ Count with the student the number of DCPM.
If completed in less than 1 minute or if allowed to go longer than 1 minute
calculate the number of digits correct per minute using
# digits written correctly x 60.
# seconds working
5. _____ Give student graph paper and have them draw a dot at the corresponding
correct digits per minute for each session of the day.
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Date: __________ Math to Mastery Integrity Checklist

Examiner:_______________

Please indicate with a mark (9) if the following step was completed:
1. _____ Sit beside the student and provide the worksheet.
2. _____ “Begin working right here (point to the first problem) and work across
this row and then go to the next row. Write each answer quickly and
clearly enough so that I can read it. I will say stop after 1 minute.
Ready. Begin.”
3. _____ Time the student for 1 minute, but do not provide assistance. “Stop” after
1 minute.
4. _____ Count with the student the number of DCPM.
If completed in less than 1 minute or if allowed to go longer than 1 minute
calculate the number of digits correct per minute using
# digits written correctly x 60.
# seconds working
5. _____ Give student graph paper and have them draw a dot at the corresponding
correct digits per minute for each session of the day.
6. _____ Read/demonstrate the correct work for incorrect problems and problems
needed to be worked in order to reach the mastery level.
7. _____ “We are going to do it again. If you make a mistake I will tell you
‘that’s not quite right’ and you can try the problem again. If you
make a mistake on the same problem I will give you the correct
answer which you should copy over and continue working. Put your
pencil down when I say stop. Begin.”
8. _____ Immediately correct mistakes.
9. _____ “Stop” after 1 minute.
10. _____ Repeat Steps 4 – 10 until EITHER:
Student reaches mastery criteria DCPM,
OR
Repeated the probe 10 times,
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Curriculum-Based Assessment Mathematics
Single-Skill Computation Probe: Student Copy

Student:

Date: ____________________

1
+ 6

|
|
|
|
|

2
+ 6

|
|
|
|
|

1
+ 1

|
|
|
|
|

3
+ 1

|
|
|
|
|

1
+ 1

|
|
|
|
|

4
+ 3

|
|
|
|
|

2
+ 6

|
|
|
|
|

2
+ 6

|
|
|
|
|

7
+ 2

|
|
|
|
|

6
+ 1

|
|
|
|
|

5
+ 2

|
|
|
|
|

4
+ 2

|
|
|
|
|

2
+ 6

|
|
|
|
|

2
+ 6

|
|
|
|
|

6
+ 2

|
|
|
|
|

2
+ 6

|
|
|
|
|
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MATH TO MASTERY
Student Self-Monitoring Graph
Student: ________________________

Interventionist: ________________

Math Teacher: ___________________

Beginning Date: ________________

Student Age: ____________________

Grade (note if retained): _________

Math Benchmark: _____
120
115
110
100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10
5
0
Trial

1

2

3

4

5

6

7

8

9

10

DPM

___

___

___

___

___

___

___

___

___

___

EPM

___

___

___

___

___

___

___

___

___

___

DCPM

___

___

___

___

___

___

___

___

___

___
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